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ADRENALIN ADMINISTRATION IN PERSISTENT ANXIETY STATES 


By D. Ewen Cameron, M.D. 
PROFESSOR OF PSYCHIATRY, MC GILL UNIVERSITY 
MONTREAL, QUEBEC 


EXISTING forms of therapy do not adequately control certain of the 
nxiety states. ‘These resistant cases fall into 3 groups: (1) a number 
of cases in which a severe catastrophic experience results in an anxiety 
state which shows no tendency to clear up with the passage of time; 
2) a group in which the anxiety symptoms appear as a consequence of 
long-continued exposure to a difficult and trying situation, such as is 
epresented by battle experience or by conflict situations in civilian 
fe in which the anxiety symptoms do not subside on removal from 
langer or on termination of the conflict situation; (3) a group in which 
» conflict has been present and in which there has been no exposure 
danger but where the individual has had to work at high tension 
_—- periods, in industry or in the office. Similar states are 
ppearing in housewives, overburdened with domestic duties and in 
ildren tor whom recreational facilities have been sharply curtailed 
the war. 

While removal of these workers from the stress-producing situa- 
n results in an abatement of symptoms in a number of cases, in 
ny others, especially where the individual has been allowed to 
lain under pressure for weeks or months after symptoms have 
eared, there is little or no improvement. 

t is in respect to these 3 groups that our methods have proved 
itisfactory. It is important to note that in these groups the 
nary causes are no longer operative. It is equally important to 
r in mind that our psychotherapeutic methods are almost exclu- 
ly directed to dealing with the primary causes—hence their ineffec- 
ness. In these cases it would appear that through long stress the 
vidual’s tendency to develop tension has become so augmented — 
both with regard to the ease with which the reaction is elicited and 
wiih regard to its intensity—as to make small hour to hour stresses of 
d living, formerly barely noticed, now, through the repeated stimu- 
lation of the over-responsive individual, sufficient to perpetuate his 
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symptoms. In other words, his anxiety state has now become autono- 
mous (Cameron**). In medicine, our attempts to deal with undesir- 
able responses have been, to a considerable extent, limited to dealing 
with primary causes. We have largely ignored the possibility of the 
existence of sequences which could no longer be dealt with through 
attacking the primary causes (Cameron). Hence the principles of 
dealing with an autonomous reaction have never been clearly worked 
out. In our earlier attempts to work with these conditions we based 
our approach on the hypothesis that if the autonomous reaction is to 
be perpetuated it must be called into action at frequent intervals. 
Consequently we directed our therapeutic efforts at preventing its 
avocation for an extended period of time. Some degree of success was 
obtained. 

In the present approach to the problem we have attempted to break 
up the autonomous reaction by decreasing the reactivity of the indi- 
vidual. ‘To achieve this we have explored the possibility of desensitiz- 
ing him to adrenalin. The literature on the matter is scanty and 
confusing. An increased reactivity to adrenalin has been shown to 
exist in patients suffering from anxiety states by Maranon,’ Baskova,’ 
Richter," Thorley.“ 

There is, however, little established information concerning the 
extent to which the reaction of the individual to the injection of 
adrenalin can be modified by repetition. 

Repeated administration of adrenalin in animals has failed to pro- 
duce any reduction in the capacity of the drug to raise the blood sugar 
levels (Pollak,® Affleck,! Samson and Jacobs"). The last 2 workers 
noted a drop below the initial level on termination of prolonged intra- 
venous administration. 

In the majority, interruption of adrenalin administration was fol- 
lowed by a marked drop in the blood sugar level, which slowly returned 
to normal. They suggest that the fall might be due to the action of 
the depleted liver in picking up sugar from the blood. 

In animals prolonged intravenous administration is reported to 
result, on termination of the administration, in a drop in blood pressure 
below the initial level (Prohaska et al.,!° Herman ef al.®). Lewis and 
Barman’ administered 1 ec. of 1/1000 adrenalin hydrochloride intra- 
venously in dogs 3 or 4 times weekly. There was no tendency on the 
part of the blood pressure rises to decrease. It was noted that the 
dog was under chloral hydrate and atropin at the time of injection. 
In man, prolonged intravenous administration also resulted in a drop 
in the blood pressure below the initial level (Baudouin and Benard, 
1935; Koehler et al.®). Rudolf (1938), after injection of 0.29 t 
0.59 mg. adrenalin subcutaneously in 7 patients suffering from genera 
paresis, found that the blood pressure rise produced on giving a second 
injection at intervals of 7 to 36 days, was lower than on the first occa- 
sion. It is not clear how far this was due to the patient having 
become accustomed to the psychologic situation represented by t! 
injection. 

Goodman and Gilman‘ reported that a tolerance to adrenalin, : 
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least with respect to its anti-spasmodic effect, may be established so 
that in those suffering from bronchial asthma, the amount of adrenalin 
administered may be progressively increased. 


Procedure. Two methods of administration have been used, intramuscular 
and intravenous. The earlier cases were all treated by the intramuscular 
method. Before the commencement of treatment the reaction of the indi- 
vidual to a standard intravenous injection of adrenalin (0.01 mg.) was recorded. 

Following this, intramuscular treatment was started by injecting 0.5 cc. 
1/1000 adrenalin hydrochloride into the deltoid. Treatment of the earlier 
stages was often carried out twice daily. Most ambulant patients found this 
too intensive and as the dosage was increased the frequency was dropped to 
once daily. The dosage varied to some extent with the size of the patient 
and with the degree of tolerance established. The maximum single dose was 
2.25 cc. The average dose lay between 1 and 1.5 ce. 

As the patient improved, the frequency of dosage was reduced, first to 
3 times weekly, then to once weekly, and, finally, to once every 2 or 4 weeks. 
This method has the advantage of being time-saving for the physicians, 
though it is necessary that the patient, if ambulant, should rest under observa- 
tion for at least 1 hour after injection. 

It has the following disadvantages: (a) There is some pain due to local 
pressure when larger doses are used. 

(b) Absorption occasionally occurs with undue rapidity. Under such cir- 
cumstances, rises in blood pressure may occur. On one occasion the pressure 
rose to 234/96 5 minutes after the injection of 1 cc. intramuscularly. Very 
severe headache lasting 8 minutes occurred. On 5 occasions, 3 in the same 
patient, severe headaches lasting 10 to 20 minutes occurred and in 2 patients 
there was some precordial pain and cardiac irregularity. 

(c) The patient may remain tense and conscious of the effects of the injection 
for several hours. 

The intravenous method was worked out in part to meet these objections 
ind, in part, in an attempt to shorten the period of treatment. (Average 
about 3 months.) This method consists very simply in setting up a normal 
saline intravenous flow; placing a 3-way stopcock immediately behind the 
needle (preferably 22 gauge). Resting (30 min.) pulses and blood pressures 
are recorded. Adrenalin is administered through the stopcock each 10 minutes 
or 4 injections. Pallor, tremor, respiration, quality of pulse and patient’s 

ibjective account are recorded. The pulse is taken, commencing 40 seconds 
ifter administration, over a period of 20 seconds. The blood pressure is deter- 
\ined at the 90th second after the adrenalin has been run in. Pulse and blood 
ressure are again recorded at the 10th minute after injection. The initial 
lose used is 0.01 mg. The strength is gradually raised as the patient’s reaction 
liminishes. The bulk of the injection, namely 1 cc., and the speed of injec- 
on, 1 second, are held constant. Treatments may be given daily—most 
mmonly thrice weekly. As improvement takes place treatment is tapered 
ff, as in the case of the intramuscular method. No untoward effects are 
oted; the patient has no continuing tension or other after-effects of the drug. 
light cardiac irregularities, lasting less than 1 minute, have been noted during 
jection. On occasion, after several weeks’ treatment, fatigue on exertion 
as recorded, but this has been transitory. 

In certain particularly apprehensive patients it is desirable to administer 
ronal, 23 gr., t.i.d., in order to minimize the reactivity of their anxiety 
tween treatments. 

Selection of Cases. Only those patients should be treated in whom the 
xiety state has become autonomous. Certain of our failures appear to be 
tributable to the fact that there was a continuing conflict situation or other 
rrent cause for the production of anxiety. Those patients in whom obses- 
e thinking is present do not, as a rule, do so well. We have had no occasion, 
yet, to eliminate patients on physical grounds. Two patients have been 
ated who had had coronary occlusions over a year prior, and 1 patient 
s treated who had an initial blood pressure of 168/96. 
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Results. ‘Treatment was completed in 19 cases. In 9 of the 13 in 
whom treatment was carried out for more than 30 days, good results 
were obtained, the symptoms greatly subsided or disappeared entirely 
and the patients were able to return to their usual occupations. The 
maximum period of treatment was 5} months. There is some indica- 
tion that the intravenous administration may shorten the period of 
treatment by 4 to 6 weeks. The average period of treatment was 
about 3 months. In 4 of these 13 patients treated for more than 
30 days, transitory improvement or none at all was attained. 

In the 6 cases where treatment was carried out for less than 30 days, 
no lasting good results were attained. ‘Transitory improvement of 
good degree was attained in 3. This lasted less than 1 month. In the 
remaining 3 no favorable results were noted. In the 19 cases there 
was no evidence of the patients’ reaction being adversely affected by 
treatment. 

The immediate effects of the administration of adrenalin are already 
well known. In the present series it is to be noted that the emphasis 
by the patient was upon those symptoms which constituted the 
patient’s customary anxiety pattern (Cameron*’)—palpitation, dysp- 
nea, choking sensations or general increase in tension. There tended 
to be fleeting reactivation lasting for a few hours in the case of the 
intramuscular injection and a few minutes in the case of the intra- 
venous injection of the patient’s usual anxiety pattern. 

As the tensional and anxiety symptoms produced by the intravenous 
administration of adrenalin disappeared, flushing of the face sometimes 
sets in, the extremities become warmer after 5 or 6 minutes, the patient 
stated that he felt relaxed and in several instances drowsiness and 
actual sleep supervened. This latter, however, first set in later in 
treatment, the earliest being after the 7th treatment day. 

From the pulse and blood pressure response to a single injection 
(Table 1), it will be seen that the stimulating effect of the injection 
entirely disappeared by at least the 8th minute. We selected 10 min- 
ute intervals between injections as preventing any additive effects. 


TABLE 1 INJECTION OF 0.01 Mc. ADRENALIN HYDROCHLORIDE 1/V 


BP. Remarks 
Before injection 130/78 94 Reaction started in 24 sec. Count- 
After injection: ing of pulse started at 40 sec., 
1 min. 150/80 120 lasted until 60 sec., when B.P 
:* 142/74 105 was taken at the 90th sec. after 
3 134/74 100 injection 
4 132/74 93 
5 134/74 93 Note. Some trembling of thumb was 
6 128/74 94 noted at 2 min., lasted about 
7 126/76 96 3min. Patient was apprehensive 
8 128/74 94 for about 4 min., complained of 
9 128/74 90 her heart thumping, hand perspi- 
10 126/74 93 ration. 


The response of the blood pressure and pulse during the course 
the single treatment period are shown in Tables 2 and 3. The form 
is the more typical. It is to be remembered, however, that patiet 
tend to respond to adrenalin in terms of their customary pattern 
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response to anxiety; and, in some patients in whom the cardiovascular 
pattern is not prominent, little or no change in pulse and blood pressure 
levels are found. The patient shown in Table 3 represents over- 
dosage. Extrasystoles were experienced during this treatment and 
for a few days thereafter the patient had some slight feeling of oppres- 
sion on the precordium which disappeared with decreased dosage. 


TABLE 2 RESPONSE OF PutseE RATE AND BLoop PRESSURE TO ADRENALIN 
INJECTION DuRING A SINGLE TREATMENT PERIOD 


lime Amount B.P P 

initial 0.04 mg 130/74 82 

Ist inj.: 1 min. 188/78 85 
116/76 75 

2ndinj.: 1 “ 190/90 96 
10 118,68 78 

3rd inj.: 190/90 105 
116/60 80 

ith inj.: ‘Ti. 194/86 93 
112/74 68 


rABLE 3 RESPONSE OF PULSE RATE AND BLoop PRESSURE TO ADRENALIN 
INJECTION DURING A SINGLE TREATMENT PeRIOD 


rime Amount B.P P 

initial 0.05 me. 124/58 87 

Ist inj.: 1 min. 156/72 S7 

2nd inj.: * 152/84 82 
10 * 110/60 96 

ird inj.: 1 154/70 75 
10 ue 106/62 93 

4th inj 1 144/74 72 
10 110/70 105 


* | xtrasvstoles. 


Tolerance Acquired. ‘Che maximum increase in intravenous dosage 
which has been achieved is sixfold. This was attained in 30 days in a 
patient who received treatment 6 days a week. Fourfold increase 
from 0.01 to 0.04 mg.) is customarily obtained after about 4 to 5 weeks 
m the basis of treatment 3 times a week. Progressive tolerance, as 
ecorded by the pulse and blood pressure is shown in Table 4. Toler- 
nce is, however, rarely best shown by the blood pressure or the pulse. 
it is more easily seen in the progressive subsidence of pallor, tremor, 
yspnea and in the patient’s own statement that succeeding injections 
eem milder. 


Cases. Case 1. A 36 year old married man came on June 2, 1943, com- 
aining of tension and anxiety of such severity that he was unable to work. 
The patient, who had, since his earliest years, tended to worry, to be unduly 
nscientious and to have difficulty in making adjustments, grew considerably 
re anxious after entering the army in March 1943. He was admitted to an 
my hospital because of anxiety and severe tremor. The latter was so 
irked that he was diagnosed as suffering from paralysis agitans and was 
charged in May 1943. 

n examination considerable tremor of the hands was noted. No evidence 
encephalitis lethargica was found. The patient complained of feeling 
htened up, of being restless; there were drawing sensations in the shoulders 
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and aching in the back of the neck; the voice was quavering. The patient 
stated that when he became especially anxious there was a generalized tremor. 
He had difficulty in concentrating and making decisions and in taking an 
interest in things; he could not go into crowds, was more sensitive and was, at 
times, so depressed and anxious that he thought of suicide. 


TABLE 4.—RESPONSE OF PULSE RATE AND BLOOD PRESSURE TO INJECTION OF 0.01 Ma. 
ADRENALIN HYDROCHLORIDE INTRAVENOUSLY AT 
Various STAGES IN TREATMENT 
Resting lst min. 10th min. 
1943 B.P. P. B.P. P. B.P. P. Remarks 
July 11 134/80 104 148/82 143 124/80 93 0.04 ec. adrenalin given b.i.d. 
July 11 until July 15, 1943; 
then 0.7 cc. b.i.d. until July 
, 128/82 114 116/70 79 21; 0.4 ce. b.i.d. until Aug. 
2; then 1 cc. once daily 
Veronal, 2} gr., b.i.d. started 
July 25, 1944. 


July 21 118/80 9% 


Aug. 20 114/76 65 136/76 104 110 


62 


“J 
bo 


Sept. 19 114/72 77 130/74 96 106/72 72 


His resting blood pressure was 154/94; his pulse 77. In response to an 
intravenous injection of 0.01 mg. adrenalin hydrochloride, his pressure rose 
at the end of 1 minute to 166/96; his pulse to 90; he had a feeling of weakness, 
his heart pounded and felt as ‘though it would burst.’”’ At 10 minutes the 
readings were 106/82 and 79. He was started on intravenous intramuscular 
adrenalin injection and was put on veronal, 23 gr., tid. On July 4, 1943, 
the standard dose (0.01 mg.) of adrenalin was again injected. Resting readings 
were 122/76 and 67—1 minute readings were 132/82 and 81 and 10 minute read- 
ings were 114/70 and 66. At this time the patient was better, wanted to 
meet people, was planning to get back to work. On Aug. 27, 1943, his reac- 
tions to the test dose were: resting levels 126/76, 64; Ist minute, 132/80, 87; 
10 minute, 118/80, 67. At this time the patient had been back to work as a 
machine operator, working 8 hours daily. He was still apt to get a little 
shaken; would wake 4 or 5 times nightly but go off to sleep again. Drowsy 
feelings and fatigue were gone. There was still some quavering of the voice 
and there was still some difficulty in concentrating. He was able to go to 
shows but avoided other crowds; was working daily. His dose of veronal 
had been reduced to once daily. He had been getting 2 cc. of adrenalin intra- 
muscularly daily—this was cut to 1 ce. after a series of 3 headaches. In 
September the patient was still better, was working steadily. He had occa- 
sional shaking of the hands if he was under a strain; his appetite was good, 
and he gained about 7 pounds in about 2 months. He was then receiving 1 cc 
of adrenalin twice weekly. 

Case 2. A 32 year old married woman who came on Nov. 22, 1943, with 
complaints that about 16 months prior she began to suffer from periods of 
anxiety, palpitation and vomiting. 

These had set in about 2 months after the birth of her child and coincide 
with a period of considerable stress due to the lack of domestic help. T! 
first period had lasted about 2 months. The present period had set in abot 
24 months prior to examination. When seen she complained of daily vomit- 
ing before her breakfast, sometimes before all meals, palpitation was almost 
continuous and pounding in nature; she required nightly sedatives, could n 
concentrate well, and had most considerable anxiety and some depressi: 
The patient was inclined to ascribe her difficulties to long feelings of inad 
quacy and to her unwillingness to settle down to a domestic life. Prior 
the birth of her child she had carried on a part-time bookkeeping job. Con: 
quently, the patient was treated psychotherapeutically until March 28, 19 
No progress was made and the vomiting spells had to be controlled from ti 
to time by sodium amytal, given before meals, and by insulin. On March - 
it was decided to institute intravenous adrenalin treatment. Her reaction 


+ 
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to 0.005 mg. was: resting readings, 106/60, 75; Ist minute, 110/88, 93; and 
10th minute, 112/72, 68. Treatment was given 3 times weekly, 4 injections 
being given during each treatment. On April 6 her dose was raised to 0.01 mg. 
and was raised steadily, reaching 0.02 on April 13; 0.03 on April 24; and 0.04 
on June 7. Slow improvement took place. On April 13 veronal, 2} gr., t.i.d., 
which she had been taking for several months, was reduced to twice daily as 
she was reported feeling more relaxed. She said she felt tired after going 
home following on treatment and noted that she had become rather short of 
breath since the treatment started. That statement, together with the fact 
that she had a feeling of constriction in the chest and occasional pain in the 
left side immediately after injection, resulted in the strength of the dose being 
raised slowly. On April 11, for the first time, the patient began to get drowsy. 
About the 6th minute after injection on subsequent occasions she went to sleep 
during the treatment. On April 28 she dropped another of her veronal doses; 
her vomiting had been growing steadily less, but, on occasion, as in early 
May when she had difficulties with domestic help, it returned. At this time 
she stated that she looked forward to the treatment days as she could be sure 
of some hours of relaxation thereafter. It was noted that her reactivity to a 
given dose of adrenalin was greater during menstrual periods. On June 12 
she reported that she had had no vomiting for 3 weeks, she had taken no 
sedatives at night nor any veronal for 3 or 4 weeks. She was still taking 
sodium amytal, 1} gr., before her noon meal. Her concentration was much 
better; there was little palpitation; mild anxiety was still present for a short 
period in the morning. She was now able to go out socially; could attend 
movies, something which was impossible before treatment. Her resting read- 
ings were 104/62 and 73. It is to be noted that this patient’s anxiety pattern 
was dominantly gastro-intestinal; and, though she had reported palpitation, 
we had never actually found tachycardia. In mid-June she went to the 
country for the summer and in early August she was reported by her husband 
as being in good health, eating well, gaining in weight, and experiencing no 
unxiety. She was using no sedatives. 

Discussion. ‘That tolerance to increasing amounts of adrenalin can 
be established appears to be certain. It would seem that this process 
is complex and comprised of both a lessened reactivity of the mechan- 
sms which ordinarily react to adrenalin and also of an increased vagal 
tivity. The first is shown in the reduction of such symptoms as 
pallor, tremor and dyspnea. The second, namely, increased vagal 
ctivity, is suggested by the increase, after repeated injections, of the 
lushing of the face, drowsiness and feelings of relaxation. The basis 
1 the progressive lowering of the resting blood pressure and pulse 
nd the decreased pulse and blood pressure rise to a standard dose are 
ss easy to designate as being due primarily to a decreased reactivity 

the adrenal sympathetic mechanisms or to an increase in the com- 

nsatory action of the vagal system. 

As can be seen from the record, this therapy is not effective in all 

stances. It appears to be most successful where the anxiety state is 

uly autonomous and where the anxiety has not become organized 
to fixed obsessive symptoms. 

In conclusion, it may be necessary to point out that the fact that a 

ysiologic method has been used to treat these cases of autonomous 

xiety and the fact that it appears to have been successful in a certain 
mber of instances does not, in any way, imply that the initial 
disturbance was at the physiologic level, Save for a very few instances 
occurring primarily in the investigative field where anxiety can be 
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produced by physiologic agents, one may say that anxiety is essen- 
tially an accompaniment of the adjustment of the individual to his 
environment. 

Summary. 1. Patients suffering from certain types of anxiety state 
do not respond well to the existing forms of therapy. 

2. This is particularly true where the anxiety states have become 
autonomous. 

3. In such cases overactivity of the adrenal sympathetic nervous 
system appears to be established. 

t. Repeated adrenalin administration tends to reduce this over- 
activity; with reduction in overactivity the patient’s symptoms abate. 
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EOSINOPHILIC LUNG 
(TROPICAL EOSINOPHILIA) 
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20TH GENERAL HOSPITAL A.P.O. 689, NEW YORK, N. Y. 


Eostnopuitic lung (tropical eosinophilia, pseudotuberculosis asso- 
ciated with eosinophilia) is a disease characterized by bronchopulm 
nary changes and eosinophilia. Although not described in the literatu 
until recently, it occurs often enough in India to be a problem a1 
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has been reported in Australia and Singapore.” Since the disease is 
known to develop in Europeans,! it may also involve Americans 
(troops) returning from the Orient. It seems important therefore for 
physicians in the Western Hemisphere to familiarize themselves with 
the manifestations of eosinophilic lung. The purpose of this com- 
munication is to review the literature, and to describe the clinical and 
roentgenologic findings in 2 patients with the disease. 

Review of Literature. In 1940, Frimodt-Moller and Barton first 
described a pseudo-tuberculous condition associated with eosino- 
philia” in the Indian Medical Gazette.6 They collected 175 cases from 
a tuberculosis sanitorium in Madanapolle, South India, who showed 
eosinophilic leukocytosis, usually associated with cough and fever. 
Roentgenograms of the chest showed “evenly distributed extensive 
mottling of small nodular shadows over both lung fields with increased 
linear markings.” After careful study these authors concluded that 
the syndrome was not explainable on a basis of tuberculosis, syphilis, 
heart disease, Loeffler’s syndrome, or any known clinical entity. 

In 1943, Weingarten reported 81 patients with tropical eosinophilia 
(eosinophilic lung), most of whom lived along the western seacoast of 
India (Bombay, Cujerat, Kathiawar, Malabarand Coromandel coasts’). 
About the same time Simeons reviewed his findings in 35 patients 
collected in Bombay during a period of 9 years.’ More recently Treu 
described the disease in Calcutta, reporting its occurrence in patients 
from Raniganj, Bihar and Singapore.*7 

(a) Etiology. Nothing definite is known concerning the etiology of 
eosinophilic lung. Weingarten is convinced that climatic and geo- 
graphic factors are important. He has never seen a patient with the 
disease who had always lived in a dry climate of the type found in 
northwest Rajputana. Moreover, all of his patients with eosinophilic 
lung lived near the sea. The asthmatic manifestations of the disease 
and its eosinophilia suggest an allergic factor, perhaps in response to 
parasitic allergens, but no definite facts have been discovered to sup- 
port this suggestion. Carter, Wedd and D’Abrera, working in Ceylon,? 
identified the cheese-mite (Tyro-glyphus) and some of its near rela- 
tives in the sputum of patients with eosinophilic lung, and attributed 
the disease to them. However the etiologic significance of mites in 
this condition still remains to be established. 

The disease has no seasonal incidence. Race and age do not seem 
to be factors. It has been reported in a child of 7 and an adult of 52. 
\ll classes of society are affected, strict vegetarians and meat eaters 
eing equally vulnerable. It is not related to the use of alcohol. 

(b) Clinical Findings. In most cases the disease is ushered in with 
issitude, loss of appetite and fever which rises to 100° to 101° in the 
vening. During the 2nd week of the illness, the patient usually 
levelops a dry hacking cough which seems to be worse at night. As 
he malady progresses, the cough becomes more severe and paroxysmal, 
ventually interfering with sleep. Wheezing and expiratory dyspnea 
evelop. Many have the symptoms of asthmatic bronchitis. Some 

ive severe paroxysms of asthma requiring epinephrine. In rare 
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instances an explosive asthmatic attack may be the first sign of the 
patient’s illness. ‘Those who suffer considerable nocturnal distress not 
infrequently remain comfortable and comparatively free from symp- 
toms during the day. After several weeks the fever subsides, weakness 
gradually disappears, and there is no further loss of weight. The 
bronchopulmonary symptoms, however, usually persist and become 
chronic if treatment is not instituted. 

Whereas fever and bronchopulmonary complaints are usually present 
in eosinophilic lung, there are patients in whom these phenomena are 
not prominent. Fever may be entirely lacking. The patient may 
have no respiratory symptoms even though pulmonary changes are 
evident in roentgenograms.* ‘Treu believes that the only phenomena 
which are consistently present in tropical eosinophilia are the blood 
picture and the clinical response to specific therapy.’ 

In the mild cases, physical examination reveals slight hyperresonance 
of the chest. The expiratory sounds are prolonged. Sibilant and 
sonorous ronchi usually are present, with occasional crepitant rales at 
the bases. Physical signs during the acute respiratory seizures are 
those of true bronchial asthma. Expectoration is usually scanty, 
glassy and tenacious. On microscopic examination the sputum often 
contains clumps of eosinophils and rarely Charcot-Leyden crystals or 
Curschmann spirals. The common bronchopulmonary bacteria are 
often found on culture. During the febrile period of the illness the 
spleen is moderately enlarged in at least half of the cases, extending 
3 to 5 cm. below the costal margin. It is usually smooth, firm and not 
tender. 

The most striking feature of eosinophilic lung is the massive eosino- 
philia. The total white count is usually above 20,000 and often 
above 40,000. Much higher figures are by no means uncommon, in 
some instances reaching 70,000 to 80,000. The elevated count is 
primarily due to an increase in the number of eosinophils which ma) 
constitute 92% of the total white cells counted. The other elements 
in the white blood count remain essentially unchanged. Weingarten 
believes the eosinophils are normal and fully mature. Simeons, how- 
ever, states that their nuclei are abnormally lobulated. The red cells 
are usually normal. Occasionally a mild secondary anemia is observed. 
The sedimentation rate may be moderately accelerated. Nothing 
remarkable has been found in the studies of blood chemistry, urine 
or stools. 

(c) Roentgen Findings. According to Weingarten, roentgenograms 
of the chest made at the end of the 2nd week of the febrile period revea! 
a distinctive mottling which is distributed throughout both lungs. 
The individual lesions are from 2 to 5 mm. in diameter, and have 
somewhat dense center and ill-defined blurred periphery. The areas 
of mottling are more numerous and slightly larger in the hilar region, 
and more common in the bases than in the apices. Whether the 
primary lesion is bronchiolar or alveolar is not known. Weingarten 
believes the anatomic distribution of the lesions favors an alveolar 
origin. In his opinion, the Roentgen appearance is depéndent on 
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bronchopneumonic infiltration of groups of alveoli.* The early stage 
of the disease, which is characterized radiographically by diffuse pul- 
monary mottling, rarely lasts more than 4 weeks. Thereafter the 
infiltrations regress until one can see only prominent hila and truncal 
markings in the films of the chest. Patients in whom the disease has 
been present for a long period of time rarely present the parenchymal 
mottling seen during the 1st weeks.7'* It is noteworthy that Treu has 
observed patients with clinical manifestations of eosinophilic lung in 
whom nothing could be demonstrated roentgenographically. Con- 
versely, he has also found patients with Roentgen evidence of the 
disease who have had none of the clinical findings. 

(d) Treatment. The present, very effective, treatment of the disease 
was discovered by chance. Weingarten recounts the episode as fol- 
lows: “At the end of 1936, 1 patient (Case 24), already under observa- 
tion, contracted syphilis, and neoarsphenamine was given. When his 
white cells were counted after 4 injections (0.15, 0.13, 0.45 gm. twice) 
they had fallen from 64,200 to 7800 and the eosinophilia had decreased 
from 71 to 16%. His subjective symptoms had also vanished. But 
it was not until 1938 that I realized that this was no coincidence; since 
then, cases have been systematically treated with neoarsphenamine, 
which proved to be a quickly acting specific. Injections are given 
every 4th day usually in a course of 6 (0.15, 0.3, 0.45 gm. twice or 
thrice).”® After the 1st 2 or 3 injections, there is a tendency for a 
further slight increase in the total leukocyte count as well as in the 
percentage of eosinophils; later they abruptly diminish, sometimes 
even before therapy has been completed, in other cases only after the 
end of the course. Clinical symptoms disappear rapidly and com- 
pletely usually after the 3rd injection. 

Case Reports. Casge 1.* ‘fhe patient, an Anglo-Indian from Calcutta, 
\7 years old, was first seen on Dec. 30, 1943, because of fever (101° to 102°), 
veakness and dyspnea on exertion of 2 weeks duration. There was no history 
of asthmatic attacks, although the patient did have a very mild cough. Physi- 
‘al examination revealed somewhat harsh breath sounds over the chest, but 

o rdles were heard. The spleen was slightly enlarged. No other important 
/hysical findings were recorded. The patient’s white blood count was 21,000 
vith 38° of eosinophils. Roentgenograms of the chest revealed the follow- 
ng (Fig. 1 A): The bones of the thoracic cage were negative. The trachea 
vas in the mid-line. The heart, aorta and domes of the diaphragm were nor- 
ial. Both hila were considerably increased in prominence. Distributed 
hroughout both lungs were multiple areas of coalescent nodulation and 
\ottling. The densities were uniformly distributed throughout both lungs 
om apex to base, and from the hila to the periphery. The densities were soft, 
regular and tended to coalesce. The appearance was not unlike that seen 
| hematogenous tuberculosis or miliary metastatic malignancy. 

Neoarsphenamine was started on Jan. 2, 1944. During the period from 

inuary 2 to 21, the patient received 5 injections of 0.3 gm. each. Following 

ie 2nd injection, the patient was practically well clinically. 

Roentgenograms of the chest made on February 22 revealed an essentially 

althy chest (Fig. 1B). The resolution of the inflammatory lesions was as 

mplete as in simple bronchopneumonia. 


* We are indebted to Dr. Rudolph Treu of Calcutta for this patient's clinical record 
| chest reproductions. This is Case 3 in Dr. Treu’s paper ‘‘ Pseudo-Tuberculosis of 
Lungs with Eosinophilia,”’ which will appear in the Indian Medical Gazette.’ 


B 


Fic. 1.—Eosinophilic lung. Casel. (E.C.F.B.) A, Film of the chest made Dec. 30 
1943. Illness 2 weeks duration. Note diffuse nodulation and mottling. B, Roent 
genogram made Feb. 22, 1944, when patient clinically well. Findings compatible wit! 
a healthy chest. (Courtesy of Dr. R. Treu.) 
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Fig. 2.—Eosinophilic lung. Case 2. A, Roentgenogram of the chest made on 
March 27, 1944, during the third week of the patient’s illness. Note diffuse nodulation 
nd increased prominence of the right hilum. B, Reéxamination made May 1, 1944, 
vhen patient clinically well. The Roentgen findings are compatible with a healthy 


hest. (Courtesy of Capt. G. L. Birnie, R.A.M.C.) 
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Case 2.* The patient, an Indian from Madras, was admitted to a British 
Army Hospital complaining of a dry hacking cough and daily asthmatic 
attacks of 3 weeks duration. His daily temperature during this period ranged 
from normal in the forenoon to 100° to 101° in the late afternoon. Physical 
examination revealed many coarse and musical rales in both lungs. The 
spleen was moderately enlarged. The sputum was colorless, containing 
mucus and many eosinophils. The red blood count was 4,700,000. The 
white blood count was 40,000 with 65% eosinophils, 14% polymorphonuclear 
leukocytes, 16% lymphocytes and 5% monocytes. 

We saw this patient on March 27, 1944, just before he was treated. Roent- 
gen examination of the chest revealed the following (Fig. 2.4): The bones of 
the thoracic cage were normal. The trachea was in the mid-line. The heart 
and aorta were normal. The right hemidiaphragm showed a nodular appear- 
ance in its medial third, which suggested a lesion in the liver. The left hemi- 
diaphragm was normal. Both hila were increased in prominence, the right 
more so than the left. Distributed throughout both lung fields were innumer- 
able small nodules which appeared to coalesce in many areas. The nodules 
were not sharply demarcated but seemed rather ‘‘soft”’ and irregular. Their 
appearance in no way suggested the firm, dense, well-circumscribed nodules 
seen in silicosis. Both lung fields were somewhat hazy, presenting a rather 
diffuse ground-glass appearance, through which the disseminated nodulation 
and mottling were seen. Most of the nodules measured from 1 to 3 mm. in 
diameter. The largest areas of coalescent nodulation and mottling were about 
7 mm. in diameter. 

The patient was treated with neoarsphenamine, receiving 0.1, 0.3, 0.45, 
0.45 gm. at 3 to 5 day intervals. When we saw him again on May 1, 1944, 
he was symptom-free and his blood count was normal. Roentgenograms made 
of the chest on May 1, 1944, revealed a healthy chest (Fig. 2 B). 


Discussion. ‘The importance of recognizing eosinophilic lung early 
cannot be overemphasized because the treatment is simple and effec- 
tive. The diagnosis is not difficult. It is suggested by the finding of 
eosinophilic leukocytosis, fever, cough, asthma and Roentgen changes 
in a patient who has been in India. It is confirmed by the response to 
arsenic. Whereas the Roentgen changes are not pathognomonic of 
eosinophilic lung, the possibility of its presence must be kept in mind 
constantly by the radiologist when confronted with a diffuse pulmonary 
nodulation or mottling similar to that seen in miliary tuberculosis, 
silicosis, aspergillosis, periarteritis nodosa, metastatic malignancy, etc. 

The “eosinophilic lung” may eventually prove to be related to the 
“Fleeting Pulmonary Infiltration with Eosinophilia” described by 
Loeffler in 1936.4 However, the evidence now available indicates that 
it is probably a separate disease entity. Patients with Loeffler’s syn- 
drome have few if any subjective findings. Occasionally there is low 
fever and an irritative cough. There is a slight leukocytgsis (14,000) ; 
the eosinophilic percentage may reach 66%; well-developed pulmonary 
infiltrations are seen in roentgenograms of the chest. The chest lesions 
are almost always more extensive than one would anticipate from the 
clinical findings alone. As a rule, patients with Loeffler’s syndrome 
are ill for only 1 or 2 weeks. The disease rarely becomes chronic like 
untreated eosinophilic lung, and asthmatic attacks are not reported to 
occur. The Roentgen appearance of the lungs also differs, in that the 


* We are indebted to Captain G. Leslie Birnie, R.A.M.C., for this patient’s clinical 
record. The roentgenograms of this patient’s chest were made in our hospital. 
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diffuse mottling which characterizes eosinophilic lung is uncommon in 
Loeffler’s syndrome. In the latter, large round or irregular pulmonic 
lesions, unilateral or bilateral, single or multiple, which look like 
tuberculosis, are the rule. They appear and disappear in chest roent- 
genograms rapidly, frequently completing the cycle in a week. Loeffler’s 
syndrome appears to have a seasonal frequency, being more common 
in July or August, which is not true of tropical eosinophilia. Further- 
more, the latter disease is found in tropical monsoon regions, whereas 
Loeffler’s syndrome appears to be a disease of temperate climate. 

Our experience with eosinophilic lung is limited to a few patients 
whom we have seen through the kindness of other physicians. In 
only 1 patient did we make our own roentgenograms of the chest. 
One of us spent some time discussing the problem with Dr. Rudolph 
Treu in Caleutta, who placed all his material at our disposal, and to 
whom we are indebted for Case 1. Most of Dr. Treu’s patients, early 
in the disease, revealed prominent hila and diffuse pulmonary nodula- 
tion and mottling roentgenographically. The chronic pulmonary 
changes of the later stages were similar to those seen radiographically 
in early bronchiectasis or well-established tracheobronchitis. Occa- 
sionally the films of the chest in chronic cases showed no significant 
abnormality. 

There is nothing pathognomonic in a roentgenogram of the chest of 
a patient with eosinophilic lung. This condition may mimic other 
bronchopulmonary conditions. It is only by maintaining a high index 
of suspicion in all patients with diffuse pulmonary nodulation or 
mottling, that eosinophilic lung will be diagnosed early. 

Summary. 1. ‘I'wo cases of tropical eosinophilia (eosinophilic lung) 
are described, and the literature on the subject is reviewed. 

2. This condition is well known in India, and may appear in America, 
in troops returning from the Orient. 

3. The diagnosis is not difficult. The typical clinical picture con- 
sists of a pronounced eosinophilic leukocytosis in a patient with asth- 
matic bronchitis, fever, a palpable spleen, and Roentgen evidence of 
diffuse mottling and “soft”? nodulation throughout both lungs. 

1. Treatment with neoarsphenamine is very effective. 

5. Without arsenical therapy the condition tends to persist. 
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LARYNGEAL EDEMA, MYOCARDITIS AND UNEXPECTED DEATH 
(EARLY ACUTE LARYNGOTRACHEOBRONCHITIS)* 


By Orro Sapuir, M.D. 


CHICAGO, ILL. 


(From the Department of Pathologyt of the Michael Reese Hospital) 


FIvE unusual instances of unexpected death occurring shortly after 
the sudden onset of marked respiratory difficulty and cyanosis in pre- 
viously healthy children were recently observed. The course of the 
disease was short and dramatic. The cause of death was found to be 
myocarditis, which clinically had not been diagnosed. ‘The purpose of 
this study is to draw attention to this unrecognized complication of a 
severe upper respiratory disease which probably is an early manifesta- 
tion of so-called laryngotracheobronchitis. Though there are on 
record numerous instances of this disease, myocarditis as such has 
not been stressed as a cause of death. Yet unexpected and unex- 
plained death of these patients had been repeatedly stressed. While 
the autopsies disclosed the nature of the disease and the cause of 
death, they did not shed light on the etiologic moment. 

Two of the 5 children were admitted to the Sarah Morris Hospital, { 
1 to the Chicago Memorial Hospital,t and the 4th to the Municipal 
Contagious Hospital.t The 5th child died in the ambulance en route 
to the Municipal Contagious Hospital. 


Clinical Abstracts. Case 1. A male, 2 years old, became suddenly ill with 
marked hoarseness and difficulty in respiration. He was rushed to the hospital 
where it was found that he had a temperature of 104°, respirations of 60 per 
minute, and a pulse rate of 112 to 128. He appeared cyanotic. Expiration 
was extremely difficult, and there was marked retraction of the chest. Intuba- 
tion gave no relief. The child died suddenly, } hour after admission to the 
hospital. Examination for Corynebacterium diphtherix proved negative. 

Case 2. The second child was a girl 11 months old. She was admitted to 
the hospital because of difficulty in breathing and high fever. She had had 
a mild cold for 3 weeks. Twelve hours before admission marked difficulty in 
breathing developed. On admission to the hospital the face, lips, tongue and 
buccal mucosa were cyanotic. The mucosa of the throat was reddened. 
There were short, rapid respiratory movements with marked laryngeal stridor 
and infrasternal retraction. The temperature varied between 100.8° and 
103.8°. Respirations were 42 to 64 per minute. The child was intubated, 
and since difficulty in breathing persisted, a tracheotomy was performed. 
Some improvement followed tracheotomy, and the child was placed in an 
oxygen tent. However, sudden severe cyanosis developed, the child becam« 
comatose and died 16 hours after admission to the hospital. During the hospi- 
tal stay the patient received, in addition to oxygen therapy, sulfadiazine, 
penicillin and nembutal. Cultures from the throat disclosed non-hemolytic 
streptococci. 

Case 3. A female, 3 years old, had been well until she suddenly complained 
of earache and aching in the knees and wrists; on the evening of the same da} 
pain on swallowing was discovered, and at night she became very restless and 
eyanotic. On admission to the hospital, the mucosa of her lips was marked] 


* Aided by a grant from the Otto Baer Fund. 

+ This department is in part supported by the Michael Reese Research Foundatiot 

t For the use of the clinical records I am indebted to the Pediatric Department o 
Michael Reese Hospital, to Dr. G. H. Scott and to Dr. Archibald L. Hoyne, respectively 
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cyanotic, and the base of the tongue and the epiglottis were severely edema- 
tous. She was given oxygen and a tracheotomy was performed. The patient 
died unexpectedly 2 hours after admission to the hospital. Examination of 
the throat for C. diphtheriw gave negative results. However, non-hemolytic 
streptococci were isolated. 

Case 4. A 3 year old girl was well until she caught a cold about 2 weeks 
previously. On the day before admission to the hospital she complained of a 
sore throat and difficulty in breathing. The latter became worse the following 
morning, and the patient was rushed to the hospital as an emergency. On 
admission the temperature was 102.4°, pulse rate 120, and respirations 44. 
The child was markedly dyspneic with rapid and noisy respirations. Her face 
was cyanotic, and her throat was filled with mucus. The tonsils were edema- 
tous, and the mucosa covering the pharynx was fiery red. 

Smears and culture from the throat for C. diphtheriz gave negative results. 
Non-hemolytic streptococci, however, were isolated. 

Shortly after admission the patient was given oxygen, sodium sulfadiazine, 
and penicillin. However, the breathing became more difficult, the cyanosis 
more severe, and the child was rushed to the operating room for tracheotomy, 
but death occurred”just before she reached the operating room, 1 hour and 
10 minutes after admission. 

Case 5. A male, 7 years and 10 months old, developed respiratory difficul- 
ties and became “blue in the face.” He was rushed to Municipal Contagious 
Hospital but was pronounced dead on arrival. 

Autopsy Findings. Only the more important changes will be mentioned. 
The gross and histologic findings in these 5 children were quite similar. There 
was marked redness of the mucosa of the pharynx and larynx. The outstand- 
ing change, however, was a severe edema of the submucosa of the epiglottis 
and the pyriform sinus. The false and true vocal cords were soft, red and 
swollen. The subglottic tissues were also reddened and so edematous that the 
air passage was markedly narrowed. The mucosa of the trachea was fiery red, 
but the bronchial mucosa was only moderately hyperemic. There was no 
evidence of an exudate within the air passage. The lungs on gross examina- 
tion disclosed a moderate edema and foci of atelectasis, but there was no gross 
evidence of pneumonia. 

The hearts of all 5 children were dilated, soft and grayish brown. The 
valvular apparatus was intact. The liver and kidneys were the seat of 
cloudy swelling. In all these instances the thymus was somewhat larger than 
normal. The mediastinal, peritoneal and retroperitoneal lymph nodes were 
also slightly enlarged and soft. The Peyer’s patches and solitary lymph 
follicles in the lower ileum, however, were very prominent. In only 1 of the 
children were the cervical lymph nodes swollen and soft. 

Vicroscopic studies proved illuminating. Outstanding changes of an inflam- 
matory nature were found in the myocardium. The myocarditis was princi- 
pally interstitial in distribution, and most of the inflammatory cells were 
lymphocytes. Rarely neutrophils were encountered. A number of regions 
of the myocardium were not involved, and in 2 instances 10 blocks of the 
myocardium had to be sectioned before evidence of the myocarditis was found. 
This detailed study was undertaken because the history as well as the lesion 
in the larynx were identical to those in other instances in which myocarditis 
vas found. Myocarditis was anticipated and was therefore carefully sought. 
Che right ventricle of the heart was usually more severely affected than the 
left. The subendocardial regions appeared to be especially frequently involved. 

The lungs in 3 of the 5 instances disclosed on microscopic examination early 
ronchopneumonia which was not recognized grossly. The larynx and trachea 
vere the seat of a marked edema. Often the submucosa was also infiltrated 
vith lymphocytes, neutrophils and monocytes. The severity of the inflam- 
nation varied somewhat. It is noteworthy that there was no exudate encoun- 
ered covering the mucosa. Only once was the mucosa involved, and small 

ci of necrosis were encountered. Cultures for the presence of C. diphtheriz 
ere taken in 4 children, but their examination yielded negative results. 
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Comment. The outstanding gross and histologic findings in all 
instances were edema of the epiglottis, vocal cords and subglottic 
region, and myocarditis. 

These 5 children who had been relatively well suddenly developed 
severe respiratory difficulties with marked cyanosis. The respiratory 
difficulties were sometimes so marked as to suggest the presence of a 
foreign body in the respiratory tract and to indicate tracheotomy 
which was performed on 2 children. One child died just before a 
contemplated tracheotomy. All children with the exception of the 
one who died en route to the hospital had been intubated. The cause 
of the respiratory difficulties proved to be a severe edema of the sub- 
glottic region. This was obviously part of an inflammatory exudate, 
serum constituting the predominating component, since other evidence 


Fra. 1 


Fic. 1.—Epiglottis and larynx (closed). Note the marked edema of the epiglottis, 
Fig. 2.—Larynx open. Note the edema of the vocal cord and epiglottis. 


of inflammation of varying degree was encountered on histologic 
examination. C. diphtheriz as the cause of the inflammation could 
definitely be ruled out since neither fibrin nor foci of necrosis were 
consistently present. Smears and cultures were negative for C. diph- 
theriz. It seems probable that this lesion should be classified as a 
very early manifestation of so-called laryngotracheobronchitis. The 
literature on this subject is reviewed in the more recent publication of 
MacCready,'! Orton ef al.,2 Brennemann et al.,3 and Smith. Quite 
characteristic of this condition is the more or less sudden onset of the 
respiratory distress and the unexpected and “sudden” death despit 
tracheotomy. Unusual is the absence of a membranous exudate 01 
mucous plug in the trachea or bronchi. The dyspnea was obviousl; 
caused by the severe edema of the subglottic region. 

There are a few autopsy records available of patients dying from 


: 
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so-called laryngotracheobronchitis (Baum,' Richards*). The autopsy 
descriptions are meager and are usually confined to the description 
of the respiratory tract. Lobar pneumonia, pulmonary edema, pneu- 
mothorax, atelectasis of the lungs and septicemia are often regarded 


Fic. 3 Fic. 4 


Fic. 3.—Epiglottis. Note the edema and the relatively few cellular elements. (Iron- 
hematoxylin-eosin.) x 90. 

Fic. 4 Epiglottis. Note the dilatation of the blood-vessels and the inflammatory 
cells. Iron-hematoxylin-eosin.) 95. 


as the cause of death. However, no satisfactory explanation is offered 
as to a “sudden” and unexpected death (Richards’). In the available 
literature only 1 instance was encountered in which inflammation of 
the heart is mentioned. DeNavasquez* merely stated that “Sections 
from the heart and lungs revealed severe purulent inflammation and 
numerous gram negative bacilli.”” No mention is made of involvement 


d 
a Fie. 5 Fia. 6 
ie Fic. 5.—Myocardium. Note the inflammatory cells principally in the interstitial 
,f ssue. Most of the cells are lymphocytes. (Iron-hematoxylin-eosin.) x 180. 

Fic. 6.—Myocardium. Note the more or less diffuse infiltration of lymphocytes 
Ut d a few neutrophils. (Iron-hematoxylin-eosin.) x 150. 
1¢ 
tr ' the myocardium. It is noteworthy, however, that Jackson and 
ickson® (Brennemann’s “Practice of Pediatrics’) stated that peri- 


rditis, myocarditis and endocarditis are frequent and usually fatal 
complications. 
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In this series of 5 children, myocarditis was encountered in every 
instance. It was found because a special effort was made to look for 
myocarditis. This was done because the children had died unex- 
pectedly and because a similar type of death in other instances, par- 
ticularly in poliomyelitis, could be explained on the basis of a myo- 
carditis. It must be emphasized, however, that often a number of 
sections of the myocardium had to be examined histologically before 
evidence of myocarditis could be demonstrated. 

Thus, these 5 patients who died unexpectedly disclosed edema of 
the epiglottis, the vocal cords and subglottic tissue in the absence of 
any obstructing pseudomembrane. Acute myocarditis probably was 
the direct cause of death. It seems likely that in a number of other 
instances of laryngotracheobronchitis in which children succumbed 
quickly, death was caused by myocarditis. Baum® stated he could 
not find the cause of death even after autopsy had been performed. 
It seems obvious that the myocardium was not carefully examined 
histologically. Also, the high mortality rate in these instances, as 
stressed by Richards® can be explained by the complicating myocarditis. 
It must be emphasized, however, that because of the absence of an 
exudate obstructing the air passage, it cannot be definitely stated 
that the disease of these 5 children actually falls into the classification 
of acute laryngotracheobronchitis. 

As stated before, a clinical diagnosis of myocarditis had not been 
made, apparently because of the short duration of the disease and the 
severity of the clinical symptoms which demanded the full attention 
of the attending physicians. There simply had been no time for the 
taking of an electrocardiogram. Perhaps a concentrated effort in 
future cases with the specific purpose of either establishing or ruling 
out myocarditis will eventually lead to a correct diagnosis. At an) 
rate, it seems, from this investigation that myocarditis in these children 
was not only present but was the cause of death. For this reason it 
is obvious that the physician who takes care of such patients must be 
aware of this complication and be prepared to use supportive measures 
to forestall if possible death due to myocarditis. 

The bacteriologic examination of the throat in these children dis- 
closed the absence of C. diphtheriw. Non-hemolytic streptococci were 
found in the throat of 3 children. However, there is no evidence that 
these’ organisms had actually caused this condition. Orton? and his 
co-workers found various bacteria associated with acute laryngo- 
tracheobronchitis. Smith* thought that streptococci were the chief 
offending organisms, although they are usually found in conjunction 
with other bacteria. Sinclair,"° MacCread¥' and others are more 
inclined to ascribe the causative réle to Hemophylus influenze. As a 
matter of fact, MacCready remarked that H. influenze Type B causes 
the most extreme edema in. the region of the glottis. However, he 
also suggested the possibility of a virus infection. Davies" found 
H. influenze in addition to hemolytic streptococci, staphylococci and 
pneumococci in 12 instances. 

Smith* described laryngotracheobronchitis in children in an epi 
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demic form in Los Angeles during the fall and winter of 1933-34. 
This series of 5 children was observed over a period of about 5 weeks. 
These children came from various sections of a large metropolitan 
area. ‘This alone would speak against the beginning of an epidemic 
form of this disease. But such a possibility certainly should be borne 
in mind. 

Summary. Five children who rapidly developed symptoms of upper 
respiratory obstruction, and succumbed quickly despite tracheotomy, 
are recorded. Autopsies disclosed severe laryngeal edema, edema of 
the epiglottis and subglottic area and acute myocarditis. The edema 
is interpreted as an early stage of so-called laryngotracheobronchitis. 
The unexpected death was probably caused by myocarditis. If the 
attending physician in future instances is aware of this complication, 
supportive measures might forestall the fatal outcome. 
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THE LIFE CYCLE OF THE ERYTHROCYTE AFTER SPLENECTOMY 
AND THE PROBLEMS OF SPLENIC HEMOLYSIS 
AND TARGET CELL FORMATION 


By Karu M.D.*+ 
AND 


Leo D.V.M. 


BOSTON, MASS. 


THE question as to whether or not the spleen under physiologic 
onditions participates actively in erythrocyte destruction is not yet 
ettled. Perusal of the literature reveals such contradictory state- 
nents as: the spleen destroys red cells,*’ prepares erythrocytes for 

* Present address: Medical Clinic Boston Dispensary. 
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hemolysis elsewhere,'**? protects the blood corpuscles from disintegra- 
tion,® or has no influence on the breakdown of erythrocytes at all.?? 
Clinical observations demonstrate that excessive hemolysis ceases 
dramatically after splenectomy in familial spherocytic jaundice and 
acquired hemolytic anemia, but that removal of the spleen is without 
curative effect in other hemolytic syndromes. Evaluation of the 
changes following splenectomy in normal human beings and animals 
is difficult and equivocal due to the influence of the spleen on qualita- 
tive and quantitative bone marrow production and the possible com- 
pensatory reaction of other parts of the reticulo-endothelial system.*° 

Recently determination of the longevity of the erythrocyte has been 
developed into a method for the study of anemia.*:* By means of 
“ differential agglutination” (using the agglutinogens M and N to tag 
the erythrocytes) it has been demonstrated that transfused erythro- 
cytes survive in the circulation for about 80 to 120 days, provided that 
no other abnormal conditions exist.*7° If pathologic red cells are 
transfused into normal individuals, or if normal red cells are exposed 
to apparently abnormal hemolyzing activities, valuable information 
may be obtained.? Determination of the survival time of erythrocytes 
may prove to be particularly significant in testing the hemolyzing 
systems of the body. 

In this paper an attempt is made to attain knowledge on physio- 
logic splenic hemolysis by means of measuring the average life cycle 
of the erythrocytes before and after splenectomy in dogs. It was 
thought that the results of these investigations might also provide a 
basis for clinical studies of splenic function in the various types of 
hemolytic anemias. 

Material and Methods. As hematologically normal but splenectomized 
human beings were not available, determinations of the life cycle of the 
erythrocyte were performed in dogs. This species was chosen because in dogs 
splenic functions manifest themselves most distinctly.*°.*7.** 

Selection of the method for life cycle determination in animals proved 
most difficult as serologic procedures are not readily available and the results 
obtained with other methods are very much at variance. As will be pointed 
out later only the method of Hawkins and Whipple?’ gives values for the dog 
comparable to the differential agglutination tests for human beings. Hawkins 
and Whipple used biliary fistula dogs in which the daily output of bile pigment 
was first determined over a long period of time. By means of injections of 
acetylphenylhydrazine or by bleeding a severe anemia was then produced. 
During the period of regeneration, a new population of young erythrocytes is 
rapidly launched into the circulation. Following the anemia period the 
bilirubin output was found to be lowered, as due to the change in the age of 
the red cell population, less erythrocytes are now destroyed. Observation of 
the daily bilirubin excretion, then, showed a gradual increase of the bile pig- 
ment output which reached a peak after an average of 124 days. This peak 
was interpreted as being caused by mass disintegration of red cells that, having 
entered the circulation during the repair period of the anemia, ended their life 
cycle about the same time. Afterwards the bilirubin output returned gradu- 
ally to the base line. The hemoglobin level remained fairly constant in the 
post-anemia period, independent of the bilirubin excretion; as the increased 
destruction of the erythrocytes at the end of their life cycle occurs gradually 
and not abruptly, the bone marrow compensates for the augmented daily 
loss without any difficulty. Hawkins and Whipple?’ performed these deter- 
minations in 4 dogs. 
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Our own experiments were performed in 6 dogs. Only the renal type of 
biliary fistula* was used. In this operation the common bile duct is severed 
and the gall bladder anastomosed with the right kidney, thus excreting the bile 
through the urinary passages. 

Care of the Animals. Before operation the feces were examined for intestinal 
parasites which are almost always present and may sometimes be the cause 
of a disturbing anemia. After identification of the parasites proper drugs for 
their removal were administered. One week after the successful operation, 
all animals received anti-distemper serum. All dogs were kept in metal 
metabolism cages. They were fed a constant uniform diet composed of 
commercial dog food (‘‘Bombo” and “ Ken-L-Biskit’’) and white bread. 
Water was given ad libitum. Furthermore all animals received daily 5 cc. of 
cod liver oil, 3 gm. of Fleischmann’s yeast (in gelatin capsule), and 1 tablet 
(5 mg.) of Synkayvite Roche (vitamin K) 3 times weekly. Thus all neces- 
sary vitamins were supplied. It may be emphasized that in long-standing 
experiments with renal biliary fistula dogs the administration of vitamin K is 
absolutely indicated to prevent a gradual decrease of the prothrombin level 
which may be the cause of severe hemorrhages. Besides the vitamins, ferrous 
sulfate (0.2 to 0.4 gm. daily), and sodium taurocholate (0.6 gm. daily, in 
gelatin capsule) were given.*-'° This mixture of vitamins, iron and bile salt 
was administered instead of ox or dog bile, as used by Hawkins and Whipple,” 
in order to avoid any possible absorption and reéxcretion of bilirubin.’ 

The weight of the animals was determined weekly and only animals which 
maintained or gained weight were used. Some of the dogs showed a tendency 
to diarrhea which was successfully combated by sprinkling the food with bone 
meal or adding 3 to 5 gm. of CaCl, to the drinking water, or both. The 
24 hours urine was collected and chloroform was added as a preservative. 

Bile Pigment Determinations. (a) Bilirubin in the urine: performed daily. 
Photocolorimetrie method of Singer and Kubin." 

(b) Urobilinogen in the feces: method of Firth and Singer. After estab- 
lishment of the fistula determinations of urobilinogen in the feces were per- 
formed and only if no trace of urobilinogen was found—proving the presence 
of a complete bile fistula—were the animals used. 

Hematologic determinations were performed at least once weekly. 

(a) Hemoglobin: photoelectric method of Sheard-Sanford.** 100% = 
15.6 gm./100 ec. of blood. After administration of acetylphenylhydrazine a 
marked cloudiness in the hemoglobin solution was noticed. This phenomenon 
is caused by the denaturation of the globin (Morawitz and Pratt*') and the 
cloudiness had to be removed by centrifugation before readings were taken in 
the colorimeter. 

(b) R.B.C.: U.S. Bureau of Standards certified Trenner pipets and hemo- 
cytometer used; automatic shaker. 

(c) Hematocrit: venous blood collected in a 5 ce. vial containing dry ammo- 
nium oxalate (6 mg.) and potassium oxalate (4 mg.).2° Centrifugation in 
Wintrobe type hematocrit tubes for 30 minutes at 3500 r.p.m. 

(d) Reticulocyte count: wet and dry methods used. 

(e) Coverslip preparations: stained with Wright’s stain for demonstration 
of target cells and Howell-Jolly bodies. 

(f) Fragility of red cells to hypotonic solutions of NaCl: the quantitative 
method of Hunter*? was used which was slightly modified for adaptation to 
the Klett Summerson photoelectrocolorimeter, employing micro tubes and 
20 c.mm. of blood, added from a Sahli pipet, to 4 cc. of the various hypotonic 
NaCl dilutions. 

(g) Blood volume determinations: method of Gibson and Evans” using the 
Evans blue dye and the Klett Summerson photoelectrocolorimeter. Stand- 

irdization as described by Levinson and MacFate.*° 


bile pigment excretion/day 


48,60 
total hemoglobin in grams X 100. This index used 


(h) Hemolytic index: 


n clinical investigations for the interpretation of erythrocyte destruction 
‘xpresses the bile pigment excretion per day in relation to 100 gm. of hemo- 
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globin.**° Whereas in clinical studies only bile pigment derivatives (uro- 
bilinogen and stercobilinogen) are available, the average daily bilirubin output 
can be directly measured in the renal biliary fistula dog. 

(t) Prothrombin time: method of Quick.* 

(7) Liver function tests: bilirubin in the blood, method of Malloy and 
Evelyn.** Cephalin flocculation test, method of Hanger.” 

Surgical Procedures. Operations were performed under nembutal anesthesia. 
After the establishment of the renal biliary fistula the animals were observed 
for 6 to 10 weeks until a fairly constant weekly average of bilirubin excretion 
occurred. Splenectomy, performed 6 to 8 months after the fistula was estab- 
lished, was not tolerated well by these animals. They died 12 to 24 hours 
after the operation. Postmortem did not show any obvious cause for this 
unexpected death. The plan to determine the lifetime of the erythrocyte 
before and after splenectomy in the same animal had to be abandoned. But 
when splenectomy was performed 4 to 6 weeks after establishment of the renal 
biliary fistula, no untoward sequelae were observed. Liver function tests 
(cephalin flocculation test and bilirubin determination in the serum), per- 
formed thereafter, revealed no deviation from the normal. No anemia due 
to infection with Bartonella canis was observed in our splenectomized dogs, an 
event which otherwise may seriously interfere with this type of experiment 
(Knutti and Hawkins) 


Results. 1. Determination of the Average Life Cycle of the Erythro- 
cyte Before Splenectomy. Red blood cells are thought to be destroyed 
by fragmentation, phagocytosis and erythrolysis. The latter may pos- 
sibly be enhanced by the fat content of the food.'*° As the break- 
down of red cells continues after splenectomy, it is evident that par- 
ticipation of the spleen in these mechanisms can only be one feature 
of the general problem of the means and ways of erythrocyte disinte- 
gration. Study of the effect of splenectomy required strictly controlled 
experimental conditions. As our experimental animals were main- 
tained on a diet different from that used by Hawkins and Whipple,” 
and as, furthermore, a vitamin-bile salt mixture was given instead of 
whole bile, it was first considered necessary to determine the average 
life cycle of non-splenectomized dogs under our experimental standard 
conditions. 

As already pointed out, the principle of the method is the production 
of a severe anemia (by means of acetylphenylhydrazine or bleeding) 
in a biliary fistula dog which is otherwise completely healthy. The 
anemia stimulates the entrance of numerous young red cells into the 
circulation. After regeneration from the anemia there is usually a 
considerable drop of the bile pigment output below the basic level 
of the control period. When the newly released erythrocytes are again 
destroyed, a corresponding increase of the bile pigment is noticeable. 
Some difficulties were encountered in selecting the starting and the end 
point of the average lifetime by means of this method. Hawkins and 
Whipple used the mid-point of the regeneration period as the average 
starting point. In order to obtain a somewhat sharper defined start- 
ing point, we followed the entrance of the new red cells by means of 
enumeration of the reticulocytes. The reticulocyte pe ak was then 
used as the beginning of the estimation of the average life cycle. As 
the endpoint we selected the day of the highest excretion of bile pig- 
ment. As can be seen from Figs. 1 to 6—which were constructed by 


THE LIFE CYCLE OF 


plotting the average value of 


THE ERYTHROCYTE AFTER SPLENECTOMY 


day periods—the right end of 
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the 


bilirubin excretion curve has a somewhat bell-shaped appearance. 
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Such a curve may be expected since the reticulocyte curve which 
depicts the entrance of new cells into the circulation is also of a similar 
shape. An absolutely close parallelism between the two curves sym- 
bolizing the appearance and disappearance of the investigated red cell 
population cannot be expected, as too many factors of known and 
unknown nature are involved in the mechanisms of erythrocyte 
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destruction. The end point of the average lifetime is usually but not 
always found during the period showing the highest weekly excretion 
values for bilirubin, 7. e., on the “plateau” of the curve. Although 
the selection of these starting and end points is somewhat arbitrary, 
the conformity of the results thus obtained is truly remarkable 
(Table 1). 
TABLE 1.—AVERAGE LiFe CYCLE OF THE ERYTHROCYTE BEFORE AND 
AFTER SPLENECTOMY 


Before After 

Dog splenectomy Dog splenectomy 
No. (days) No. (days) 
1 4 . 110 
2 108 5 : 96 
Average. .... 113 Average. . . . . 106 


Experimental Observations. Doc 1. Male mongrel, weight fluctuating 
between 10.1 and 11.2 kg. Average bilirubin excretion during control period 
before the acetylphenylhydrazine injections 33.3 mg./day. <A total of 750 mg. 
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acetylphenylhydrazine was injected on 4 successive days. This led to an 
excess output of 2051 mg. bilirubin, corresponding to 59 gm. hemoglobin 
(1 gm. hemoglobin = 34.9 mg. bilirubin®.*). The average hemoglobin content 
of the blood in the control period was 15.5 gm./100 cc., the total blood volume 
was 911 ece., giving a total circulating hemoglobin of 141.2 gm. Therefore, at 
least 41.7°% of the total circulating hemoglobin was destroyed. The highest 
reticulocyte count during the anemia period was 43%, occurring 8 days after 
the first injection. Complete regeneration of the anemia took place after 
23 days. As can be seen from Fig. 1 there was then a considerable drop of 
the bilirubin output whigh lasted for about 8 weeks; then a gradual increase 
took place until it reached a peak of 69.7 mg./day, occurring in the 17th week. 
The bilirubin excretion then gradually dropped until 2 weeks later it returned 
to the base level. The average life cycle was thus computed to be 115 days. 

Doc 2. Female mongrel, weight gradually increasing from 13.2 to 15.6 kg. 
Average bilirubin excretion during control period 67.1 mg./day. A total of 
1250 mg. acetylphenylhydrazine was injected on 7 successive days; excess out- 
put in bilirubin 4246 mg., corresponding to 122 gm. hemoglobin. With an 
average hemoglobin of 14.5 gm./100 ec. and a total blood volume of 1630 ec., 
the total circulating hemoglobin was 236.4 gm. Thus 51.7% of the latter 
were destroyed. The reticulocyte peak was 47%, occurring on the 8th day 
after the first injection and the anemia was completely regenerated on the 
30th day. The then-occurring drop in bilirubin output lasted for about 
10 weeks. Then a more abrupt increase took place reaching a peak of 134.7 mg. 
in the 16th week. After 3 weeks the bilirubin excretion then dropped to the 
base level. The average life cycle was found to be 108 days. 

Doc 3. Female mongrel, weight 6.4 to 7.3 kg. Average bilirubin excretion 
during control period 19.2 mg./day. The average hemoglobin was 14.5 gm./ 
100 cc., the total blood volume 520 ec., thus the total circulating hemoglobin 
75.4 gm. In this animal blood was removed by repeated heart and veni- 
punctures until the hemoglobin dropped to 5.1 gm./100 ce. 300 ec. of blood 
were thus removed leading to a loss of 43.5 gm. (58°) of the original total 
hemoglobin. The reticulocyte peak was 35°7 and the anemia was completely 
regenerated 25 days after the first bleeding. There was only a slight drop of 
the bilirubin output for about 13 weeks. Then a gradual increase took place; 
the highest excretion observed was 59.2 mg. within the 17th week. As can 
be seen from Fig. 3 this end point of the average lifetime lies on the ascend- 
ing limb of the bell-shaped curve and a high average excretion of 42 mg. con- 
tinued for 2 weeks. Theré was also no complete return to the base level. 
The average life cycle was computed to be 117 days. We have found that the 
acetylphenylhydrazine anemia is much better suited for life cycle determina- 
tion than the anemia produced by bleeding, although almost identical values 
for the average lifetime were found with both methods. 


The average life cycle of our 3 dogs was found to be 113 days (see 
Table 1) which is in good agreement with the values obtained by 
Hawkins and Whipple (124 days). 

B. The Life Cycle of the Erythrocytes After Splenectomy. This was 
also studied in 3 dogs. As can be seen from Figs. 4 to 6 and Table 1, 
the average life cycle was not significantly altered by removal of the 
spleen. 


Experimental Observations. Doc 4. Female mongrel, weight 12.8 to 
14.6 kg. During the control period the average bilirubin excretion was 
14.6 mg./day. The hemoglobin fluctuated between 14 and 15.2 gm./100 ce. 
\fter splenectomy the bilirubin excretion diminished for several weeks with 
fluctuations between 38 and 50 mg. with an average of 44.2 mg./day. The 
iemoglobin dropped to 12.6 gm./100 ce. but after 2 weeks rose to the original 
evel. The circulating blood volume was 1172 cc. before and 1134 ec. 5 weeks 
ifter splenectomy. 1600 mg. of acetylphenylhydrazine were injected during 
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a period of 9 days. This led to a total excess pigment output of 2689 mg. 
bilirubin. The hemoglobin dropped to 5.5 gm./100 ce. on the 11th day after 
beginning of the injections and the anemia was completely regenerated after 
29 days. With an average hemoglobin content of 14.2 gm./100 cc. the total 
circulating hemoglobin was computed to be 161 gm. Therefore, by means of 
the injections 47.9°% of the latter were destroyed. The reticulocyte peak of 
62°; reticulocytes was observed 11 days after beginning of the injections. 
After recovery from the anemia the pigment output dropped to a very low 
level for several weeks, reached the base level after about 80 days, and the 
highest single pigment output of 119.5 mg. bilirubin was observed on the 
110th day within a weekly average of 79 mg. in the 16th week. Then a 
gradual return to the base level occurred. The average lifetime in this dog 
was found to be 110 days. 
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Doc 5. Female mongrel, weight 9.2 to 12.2 kg. The average bilirubin 
excretion of the control period was 34 mg./day. The average hemoglobin 
ontent was 13.3 gm./100 ec. Following splenectomy the daily bilirubin 
excretion remained practically unchanged, averaging 35 mg. There was a 
lecrease of the hemoglobin to 9.6 gm./100 cc. 2 weeks after splenectomy, but a 
ew weeks later the hemoglobin regenerated to an average of 14.2 gm./100 ce. 
lhe circulating blood volume was 670 cc. Seven weeks after splenectomy 
1200 mg. of acetylphenylhydrazine were given during a period of 6 days. 
Chis led to a total excess pigment output of 2197 mg. bilirubin. The hemo- 
zlobin dropped to 3.4 gm./100 ee. on the 7th day after beginning of the injec- 
ons. The anemia was completely regenerated after 43 days. With an 
verage hemoglobin content of 14.2 gm./100 ec. the total circulating hemo- 
lobin was computed to be 95.1 gm. Therefore, by means of the injections 
16.1° of the circulating hemoglobin were destroyed. The reticulocyte peak 

as unusually high, namely 83% occurring 10 days after the first injection. 
ollowing the regeneration of the anemia the bilirubin output dropped moder- 
tely for several weeks; there was then a gradual increase and the highest 

lirubin excretion of 94 mg./day was observed on the 96th day following the 
ticulocyte peak. Then a rapid return to the base level occurred. The 
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average lifetime in this dog was the shortest observed in our series, namely 
96 days. 

Doc 6. Female mongrel, weight 5 to 6.8 kg. The average bilirubin excre- 
tion of the control period was 15.6 mg./day, the average hemoglobin 12.6 gm. 
100 cc. As the hemoglobin level did not increase on vitamin B complex, liver 
and iron and the dog seemed to be perfectly healthy and was gaining weight, 
it was decided that this animal could be used for the life cycle determination 
in spite of the relatively low hemoglobin. Following splenectomy the bilirubin 
excretion remained almost unchanged, averaging 15.4 mg./day. There was a 
decrease of the hemoglobin to 10 gm./100 cc. 2 weeks after removal of the 
spleen. Recovery from this temporary anemia followed after 1 week. Due 
to the relatively low starting hemoglobin level and the small stature of this 
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dog it was decided to produce only a moderately severe anemia. Six weeks 
after splenectomy 450 mg. acetylphenylhydrazine were given during a period 
of 4 days. The hemoglobin dropped to 5.9 gm./100 ce. on the 7th day after 
beginning of the injections. The injections produced an excretion of 425 mg. 
bilirubin in excess of the daily basic output. With an average hemoglobin 
content of 12.6 gm./100 cc. and a total blood volume of 425 cc. the total cir- 
culating hemoglobin was computed to be 53.6 gm. The excess bilirubin cor- 
responds to 12.2 gm. of hemoglobin. Therefore, by means of the injections 
at least 22.8% of the circulating hemoglobin were destroyed. The reticulo- 
cyte peak was 32%, occurring 7 days after the first injection; complete regen- 
eration of the anemia occurred after 5 weeks. After excretion of the exces: 
pigment the bilirubin output dropped only slightly below the basic level, ther 

showed an unexpected increase with a rapid return to the base level. Ther: 
was then an abrupt increase starting on the 98th day and the highest dail 

excretion of 37.3 mg. was noticed on the 109th day. Afterwards the pigmen 

output returned rapidly to the base level. 
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The average life cycle in the splenectomized animals was 105 days 
(Table 1) which is 8 days less than in the non-splenectomized dogs. 
However, such differences lie certainly within the range of physiologic 
variability. 
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Special Observations. 1. The Hemoglobin Content and Red Count 
{fter Splenectomy. A temporary mild anemia is known to develop 
ifter removal of the normal spleen. Krumbhaar,** who has especially 
studied this phenomenon, states that the red count in his dogs dropped 
on an average of 1.5 millions with a similar fall of the hemoglobin. 
he anemia in the dogs reached its average maximum on the 29th day. 
We, too, observed the development of such a transitory anemia in our 
logs in the post-splenectomy state, as can be seen from the figures. 
in Dog 4 the hemoglobin dropped from 14.2 to 12.6 gm./100 ec. on 
he 12th day and the red count diminished from 6.4 to 5.5 millions; 
he hematocrit decreased from 43 to 40. Two weeks later the base 
‘vels were reached again. In Dog 5 the post-splenectomy anemia 
as more pronounced, the hemoglobin decreasing from 13.3 to 9.6 gm./ 
00 ec., the red cell count from 6.2 to 4 millions, and the hematocrit 
om 36 to 29. Two weeks later the normal levels were reached and 
'terwards there was a transitory further increase of red cell count 
nd hemoglobin content to 6.4 millions and 15.6 gm./100 ce., respec- 
vely. In Dog 6 the hemoglobin decreased from 12.6 to 10 gm./100 cc., 
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the red cell count from 5.2 to 4.5 millions, and the hematocrit from 
34 to 29 two weeks after operation. Recovery followed rapidly after 
1 week. Determination of the life cycle was started in animals only 
which had completely recovered from the transient post-splenectomy 
anemia. 
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2. The Effect of Ace tylphenylhydrazine Afte r S ple nectomy. It has 
been repeatedly reported that hemolytic substances become less effec- 
tive after splenectomy.*? Cruz and Robscheit-Robbins,’ using acetyl- 
phenylhydrazine, did not observe any difference in this respect. Our 
own observations show that a larger amount of acetylphenylhydrazine 
was required in Dog 4 to produce the desired level of anemia than in 
the control experiments, but that in Dog 5 an unusual severe anemia 
developed very rapidly. In 2 of our splenectomized animals the 
reticulocyte output was much higher than in the non-splenectomized 
dogs. It seems that no definite rules can be established regarding the 
reaction to acetylphenylhydrazine after splenectomy. 

3. Target Cell Formation and Saline Fragility. It is a well-known 
fact that after splenectomy the erythrocytes become more resistant 
toward hypotonic saline solutions. As has been pointed out in previous 
papers,‘*° this is related to an increased thinness of zones of the red 
cells (leptocytosis) which have in the stained smear the appearance of 
a “bull’s eye” or target. However, no absolute parallelism was 
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observed between the number of target cells and the decrease in 
fragility. Like Barrett,’ and Valentine and Neel,® we have noted 
great variations in the number of target cells in different sections of 
the smears. This may be due, as Valentine and Neel point out, to 
difference in the technique of preparing the smears. We have, there- 
fore, abstained from enumerating the target cells, and regard the 
change in fragility as a better expression of the transformation in the 
shape of the cei!s. During the period of the acetylphenylhydrazine 
anemia, increased fragility and spherocytosis were present. In the 
non-splenectomized animals the fragility curve returned to normal 
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ter about 2 weeks (e. g., Fig. 7). In the splenectomized animals 


e increase in the resistance to hypotonic saline was very marked 
‘igs. 8 to 10). As our experiments demonstrate, the average life 
cles of the “target cells’? (with increased resistance) and of the 
rmal erythrocytes are almost identical. Therefore, the decreased 
ine fragility does not indicate the existence of any increased in vivo 
istance of these cells to the forces participating in erythrocyte 
destruction. 

Studies of Pigment Balance (Hemolytic Indices). Cruz, Hawkins 
aid Whipple® have recently stated that the actual bile pigment output 
in the renal biliary fistula dog corresponds closely to the calculated 


VoL, 210, No. 3—sEPTEMBER, 1945 12 


| 
| 
| 

|- 

ir 

in 

1a 

V1 

nt 

us 

ed 

af 


314 SINGER, WEISZ: 


amount which can be computed from the known amounts of released 
hemoglobin after an injection of acetylphenylhydrazine. Their aver- 
age percentage recovery fluctuated between 67 and 108% with an 
average of 88%. We have also attempted to compute such a pigment 
balance based on the figures for the total circulating hemoglobin (7. e., 


Gm. hgb in 100 ee. & blood volume 


100 ), the bilirubin output during the 


control period, and the determined average life cycle. As can be seen 
from the data mentioned above, Dog 1 f.i. had during the control 
period an average bilirubin excretion of 33.3 mg./day. Taking 34.9 mg. 
bilirubin as corresponding to 1 gm. hemoglobin,® this dog excreted the 
equivalent of 0.95 gm. hemoglobin/day. With an average life cycle 
of 115 days the calculated amount of destroyed hemoglobin during 
this period is 0.95 X 115 = 109.3 gm. As the total circulating hemo- 
globin of the control period was 141.2 gm., the percentage of recovery 
of bilirubin would amount to 77.4%. Table 2 gives the results of 
these computations in all our experimental animals. 


TABLE 2,—COMPUTATION OF THE PIGMENT BALANCE 


Computed daily Cale. amt. hgb in gm. 
hgb destruction destroyed during life Total circulating hgb 
in gm.: Average cycle period: computed in gm.: Percentage 
Dog output, ally destruction Av. hgb/100 ec. blood vol. of 
No. (mg./day) 34.9 in days (Col. 4) — 100 Col. 5 
1 33.3 0.95 115 109.3 141.2 77.4 
2 67.1 1.92 108 207 .4 236.4 87 .7 
3 19.2 0.55 117 64.4 75.4 85.4 
4 44.2 1.27 110 139.7 161.0 86.8 
5 35.0 1.00 96 96.0 95.1 100.9 
6 15.4 0 44 109 48 0 53.6 89.6 
Average: 88.0 
Range: 77 .4- 


100.9 


Our average,percentage recovery was 88%, a value identical with 
that reported by Cruz, Hawkins and Whipple. We believe that the 
computation of these pigment balances which are based on the deter- 
mination of the average life-cycle, represents an additional proof for 
the validity of the method used in our experiments. 


so Bile pigment excretion/day 


: 100, was di- 
lotal circulating hgb 


The hemolytic index, 
minished after splenectomy only in Dog 4, but remained unchanged in 
the other 2 experimental animals. This latter finding seems to differ 
from similar investigations in man*® where a decrease of the hemolytic 
index following splenectomy was found in 9 out of 11 cases in whi 
this operation was performed for a previously existing, non-hemolyzing 
condition. However, a more extensive investigation of this particul 
problem is required to clarify whether these discrepancies are due to 
species differences or are due to the fact that in our biliary fistula dogs 
bilirubin was determined directly, whereas in humans, determination 
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of bilirubin derivatives (urobilinogen and stercobilinogen) form the 
basis for calculation of the hemolytic index. 

5. Prothrombin Time. Diminution of the prothrombin time devel- 
ops gradually in renal biliary fistula dogs if vitamin K is not admin- 
istered. Our dogs received 15 mg. of Synkayvite weekly. This ‘dose 
was amply sufficient to keep the prothrombin at a 100% level. 

6. Histologic Findings. Postmortem examinations in the 3 splen- 
ectomized biliary fistula dogs revealed enlargement of the abdominal 
lymph nodes. No accessory spleen or hemolymph nodes were found. 
Histologic examination of lymph nodes and liver did not show any 
evidence of increased erythrophagocytosis. Studies of the bone mar- 
row, obtained by puncture of the ilium in the living animal did not 
reveal any pathologic composition; the myeloid-erythroid ratio was 
within normal limits. 

Discussion. Our experiments have demonstrated that the average 
life cycle of the red cells in dogs before and after splenectomy is practi- 
cally identical, although in the absence of the spleen erythrocytes with 
increased resistance to hypotonic saline solutions (target cells or lepto- 
cytes) are present. Therefore, one must conclude that these “lepto- 
cytes’’ have the same average life cycle as normal red cells. There are 
several aspects of these findings which are worthy of comment. 

The Validity of Life Cycle Determination. Determinations of red 
cell longevity give results which vary widely according to the method 
used and to the species investigated. In this paper only experiments 
concerning man and dog will be discussed. In man the most reliable 
esults seem to be obtained by means of the method of differential 
igglutination. Ashby! was the first to transfuse O erythrocytes into 
recipients of different blood groups and to determine the time required 
or disappearance of the transfused cells. This technique has become 
iore refined by using the agglutinogens M and N for tagging the 
ransfusederythrocytes. Wiener,”® Dekkers,"* Martinet,* Mollison and 
‘oung®® and others were thus able to demonstrate that transfused red 
ells survive for 3 to 4 months in the circulation of normal persons. 

is quite obvious that this method does not measure the average life 

cle. At the starting point, a mixed population of red cells is trans- 
sed; the end point is not sharply defined as the assumption that the 
ungest cells may survive longest does not take into account the many 
zards to which the red cells are exposed during their presence in the 
culation. Furthermore, the hemolytic activities may also vary in 
‘ferent persons,” depending on dietary habits, exercise and other 
tors. ‘Thus if, f.i., Rh positive cells are transfused into a Rh nega- 

e recipient, it may well be that an anti-Rh factor may start to 

ome active during the course of the determinations, thus leading 

vrong results. The findings of the transfusion experiments repre- 

t the maximal survival time of “foreign”’ erythrocytes. As red 
ce'ls produced on any day may vary to some extent in their quality 
| thus cope differently with the fluctuating forces active in erythro- 
‘ destruction, the average life cycle may sometimes be appreciably 
shorter than the maximal survival time.2 Nevertheless, the estima- 
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tion of the maximal survival time can be used as a very valuable tool 
for the study of the pathogenesis of the anemias. 

Escobar and Baldwin" approached the problem of the estimation 
of the longevity of the red cells in an entirely different manner. They 
produced an increase in erythrocyte volume in the circulation by short 
exposure to low pressure of oxygen and consider the number of days 
elapsing from the end of the exposure period to the attainment of a 
normal red cell volume as representing the duration of the life span of 
the erythrocytes. They found values of 16 to 23 days for dogs and 
18 to 30 days for man. Davis™ produced an experimental polycythe- 
mia in dogs by means of exercise, cobalt chloride, and ephedrine. 
The high erythrocyte counts were reduced by additional administration 
of choline, mecholyl, or similar agents. He assumes that these depress- 
ing drugs act as a “brake”’ on erythrocyte production until the cell 
count again reaches the normal level. Based on this assumption, the 
rate of disappearance of the elevated level of red cells should, in his 
opinion, establish the rate of natural death of the erythrocytes, and 
if this process were to continue, calculation of the length of time 
required for 100% disappearance of the cells should become possible. 
He found 20 days as the “minimal” length of life of the red cells in 
dogs. In our opinion, which we share with others,” the underlying 
principles and assumptions used in the experiments of Baldwin and 
Escobar and also of Davis are not physiologic and the results probably 
of doubtful validity. 

The method of Hawkins and Whipple?’ represents the best approach 
to the problem of longevity of the red cells. Evidence for its validity 
may be seen in the predictable increase of the bile pigment excretion 
after regeneration of the anemia, the similarity of the bell-shaped curves 
illustrating appearance and disappearance of the cells, and also the 
calculations of the pigment balance from the life cycle, blood volume 
and bilirubin excretion. Hawkins and Whipple found an average 
longevity of 124 days in their 4 dogs with a range of 112 to 133 days. 
Our values are somewhat lower; this may be due to sharper definition 
of the starting and end points, different feeding and maintenance 
procedures, or it may only be due to the usual statistical variations. 

Study of the life cycle after splenectomy has been rarely undertaken 
We found only one paper dealing with this problem. Gordon and 
Kleinberg” examined the longevity of the erythrocytes in guinea pigs 
before and after splenectomy, using the method of Escobar and 
Baldwin. Before splenectomy the values obtained were 22 to 28 days, 
after splenectomy 32 to 38 days. Stephens®* has criticized these 
experiments. The discrepancy between our findings and those of 
Gordon and Kleinberg can be explained as due to difference of the 
methods employed and possibly also to species differences. Unfortu- 
nately, no pertinent investigations in splenectomized human beings 
in the absence of any hematologic disorders have so far been performed. 

The Significance of the Life Cycle Determination After Splenectomy ‘0 
the Problem of Physiologic Erythrocyte Destruction. Demonstration of 
the almost identical average life cycle before and after splenectomy 


THE LIFE CYCLE OF THE ERYTHROCYTE AFTER SPLENECTOMY 317 


seems to indicate that “active” participation of the spleen in the 
physiologic breakdown processes of the erythrocytes is (1) negligible 
or absent, or (2) can be entirely compensated by extrasplenic activities. 
This is contrary to the still widespread belief that the spleen is the 
most important organ involved in the disintegration of red cells. The 
reason for this belief is easily understood, if one is familiar with the 
splendid therapeutic effect of splenectomy in certain hemolytic ane- 
mias. Lauda,*® in his excellent monograph on the physiology of the 
spleen in 1933, has critically reviewed all the evidence in support of 
splenic hemolysis. According to this author, it is necessary to differ- 
entiate between passive and active hemolysis of the spleen. There is 
no doubt that this organ takes part in removing the débris of red cells 
which have already disintegrated in the circulation (scavenger func- 
tion). ‘The spleen functions as the lymph node of the blood. The 
concept, however, that the spleen actively removes and destroys red 
cells under normal conditions does not withstand rigorous criticism in 
Lauda’s opinion. 

Erythrophagocytosis has been observed in the spleen but there is 
now general agreement that this mechanism plays, if any at all, only a 
very insignificant rdéle.* 3° Knisely® was unable to notice any 
erythrophagocytosis in the transilluminated living spleen, but observed 
it in the dying animal or after traumatization. 

Development of compensatory hemolymph nodes after extirpation 
of the spleen has also been occasionally observed. However, Meyer*? 
found no hemolymph nodes in 8 splenectomized dogs and Warthin® 
discovered some in only 2 of his 24 animals. Pearce, Krumbhaar and 
lrazier®® found an increase of the endothelial cells of the sinuses of 

arious lymph nodes, but no evidence of pigment phagocytosis. 
Increased phagocytic activity in the liver after splenectomy is difficult 
to assess..4 In dogs, Pearce, Krumbhaar and Frazier®* found no 
proliferation of the Kupffer cells and no evidence of increased phago- 
tosis after splenectomy. 

Changes in the bilirubin metabolism following splenectomy are often 

onsidered as significant indirect evidence of an active hemolytic 

function of the normal spleen. Mann* and others have demonstrated 
that the blood of the splenic vein contains more bilirubin than the 
lood of the splenic artery, but this increase is exceedingly small and 
ly discernible by spectroscopic methods. Lauda interprets it as a 

anifestation of “passive hemolysis.” Recently Watson and Paine*? 
plain this increase as possibly caused by the intracorpuscular degrada- 
n of hemoglobin to bilirubin during erythrostasis in the spleen. In 

{1 one of us, together with Miller and Dameshek,®® described a 

decrease of the urobilinogen excretion and the hemolytic index in 
splenectomized individuals in whom the spleen had been removed 

lor causes other than previously existing hemolytic anemia. This 
decrease of the hemolytic index was attributed to the absence of the 
splenic component in the hemolytic activities. In our present dog 
eriments, however, no constant diminution of the hemolytic index 
was demonstrable. At the present time these contradictory findings 
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cannot be fully explained. They may be due to species differences. 
On the other hand, the lowered hemolytic index may require another 
explanation, as the intricacies of bile-pigment metabolism are not yet 
fully understood.*® As will be discussed below, there is now other 
evidence available which makes it more likely that active splenic 
hemolysis under physiologic conditions in man is also absent or insig- 
nificant. This whole problem requires further correlated studies, 
particularly determination of the survival time of the red cells in 
normal splenectomized human beings. 

The Effect of Splenectomy in Hemolytic Anemias. Splenectomy has 
a curative effect in spherocytic familial jaundice and often in acquired 
hemolytic anemia,"** but only a transient one or no effect at all in 
the other types of hemolytic disorders. Interpretation of the results 
of splenectomy are still unsatisfactory, because of scarcity of our 
knowledge of normal splenic function and of the mechanisms involved 
in the various types of hemolytic anemias. In the following, the 
hypothesis is advanced that splenic hemolysis is conditioned by the 
presence of pathologic red cells which circulate through the organ, 
but that normal erythrocytes are not attacked. 

In familial hemolytic jaundice spherocytosis continues to exist after 
splenectomy. The increased fragility of the red cells may stay unal- 
tered or may become slightly diminished but still remains within 
pathologic range.*** In spite of the continuous presence of abnormal 
cells, hemolysis ceases abruptly after removal of the spleen and pigment 
metabolism becomes entirely normal.°° The most astonishing feature in 
this return to normal—often not sufficiently appreciated —is the fact that 
the extrasplenic hemolyzing activities of the body treat these abnormal 
erythrocytes in a normal manner. Continuation of hemolysis after 
splenectomy is extremely rare and always accompanied by other atypi- 
cal features.27 The spherocytes in familial hemolytic jaundice are, 
therefore, able to fulfill their function as hemoglobin carriers proper]; 
only in the absence of the spleen. Increased function of the spleen 
hemolytic hypersplenism—was supposed to explain this phenome- 
non.'®3® Recently several experiments have been performed which 
show that this interpretation is not tenable. Lloyd*! in 1941 demon- 
strated that spherocytes obtained from splenectomized cases of familial 
spherocytic jaundice were rapidly destroyed when transfused into a 
normal recipient, that is, upon coming into contact with a normal 
organ. Dacie and Mollison® transfused normal cells into patients with 
familial hemolytic anemia and found a normal survival time of 100 
to 130 days. On the other hand, the survival time of spherocytes 
which were transfused into normal individuals was not more than 
14 days. Normal red cells, when given simultaneously with sphero- 
cytes to the same normal recipient, had a normal survival time, wheres 
the spherocytes were rapidly destroyed. These experiments show con- 
clusively that the normal spleen destroys the abnormal cells selectively 
and that the supposedly pathologic spleen does not attack the normal 
cells in an abnormal way. No hemolytic hypersplenism is, therefore, 
demonstrable in familial hemolytic jaundice. 


THE LIFE CYCLE OF THE ERYTHROCYTE AFTER SPLENECTOMY 319 


That not only spherocytes but also other abnormal cells as well are 
affected by splenic hemolysis may be seen from an analysis of the effect 
of splenectomy in pernicious anemia. Before the discovery of liver 
treatment splenectomy was recommended in this disorder. It had no 
curative effect but was often followed by a transient improvement of 
the anemia. Eppinger” investigated the bile pigment metabolism 
before and after splenectomy in his cases df pernicious anemia and 
found a marked diminution of the urobilinogen output after removal 
of the spleen. As the qualitative production of the bone marrow was 
apparently not altered and abnormal erythrocytes (megalocytes) con- 
tinued to enter the circulation, this can only be explained on the basis 
of a diminution of erythrocyte destruction caused by the removal of 
the spleen. Morawitz® in 1928 demonstrated that the erythrocytes 
in pernicious anemia have a much shorter life span than normal cells. 
He transfused normal red cells into a non-splenectomized case of 
pernicious anemia to such an extent that the majority of the red cells 
present in the patient’s circulation belonged to the donor’s group. As 
the anemia improved for a longer period of time but no change in the 
pigment output became noticeable, it is evident that the transfused 
normal erythrocytes survived much longer than the pathologic megalo- 
cytes. In the light of the findings of Eppinger and Morawitz it is 
apparent that the spleen also destroys megalocytes selectively in per- 
nicious anemia. If a return to qualitatively normal bone marrow pro- 
duction is induced by liver treatment the abnormal cells disappear 
from the circulation and, therefore, abnormal hemolyzing activities are 
not noticeable any longer. 

Participation of the spleen in the disintegration of erythrocytes is 
ipparently conditioned by abnormal properties of the red cells, which 
come into contact with this organ. 

In acquired hemolytic anemia the red cells may or may not be 
pherocytic and may or may not be more fragile to hypotonic saline 
ian normal ones." Splenectomy often cures the disease. If sphero- 

tes are present they disappear permanently after removal of the 

/leen—in contradistinction to familial hemolytic jaundice.2**° From 
e standpoint of our hypothesis the cells must first be rendered 
herocytic in order to become eligible for destruction by the spleen. 

By what finer mechanism the spleen selects the pathologic red cells 
r disintegration is not definitely known. Ham and Castle believe 

it intravascular stasis is the immediate mechanism, resulting in 

reased blood destruction in hemolytic anemias characterized by 
reased fragility of the red cells. They demonstrated that the saline 
igility of the erythrocytes in the normal spleen increased in their 
erimental animals when prolonged stasis was induced by nembutal 

‘sthesia. As Dacie® points out, this hypothesis is difficult to recon- 

with the observation that normal erythrocytes are apparently not 
wked by the greatly engorged spleen in spherocytic jaundice, 
reas the spherocytes are rapidly destroyed. Furthermore, in- 
cr-ased blood destruction should be demonstrable in all disorders with 
el.argement and engorgement of the spleen, which, however, is not 


r 
d 
e 
n, 
eT 
il 
al 
nt 
i} 
at 
al 
tel 
pi- 
re 
rl 
ne 
ili 
O 
m 
v1 
it 
yi 
iv 
rl 
fore, 


320 SINGER, WEISZ: 


borne out by clinical experience. Whipple®® believes that normal 
discoidal cells have no difficulties in traversing the spleen whereas 
spherocytes, being thicker cells, are unable to pass through the stomata 
of the splenic sinuses. As splenic hemolysis is not only demonstrable 
in the presence of spherocytes but other pathologic cells as well, this 
explanation is also not completely satisfactory. The question whether 
tissue and, or, blood lysins (lysolecithin) are of any real significance 
has also not yet been fully elucidated.®** 

But whatever the mechanism, splenic hemolysis seems to be selective, 
conditioned by the presence of pathologic properties of the red cells 
passing through the organ. Normally any hemolytic “activity” of 
the spleen, as can be seen from the studies of determination of the life 
cycle and survival time, appears to be absent or negligible. Hemolytic 
anemias are, therefore, not caused by a “primary” increase of an 
existing physiologic function of the spleen. The concept of a “hemo- 
lytic hypersplenism”’ does not seem to be tenable. 

The Relationship of the Spleen to Target Cell Formation. The rela- 
tions which undoubtedly exist between the shape of the red cell, its 
hypotonic saline fragility and splenic function are difficult to interpret. 
The following facts may be considered as established: (1) Sphero- 
eytic cells, being thicker and, therefore, more fragile,* are liable to 
disintegration by or in the spleen."' (2) Red cells leaving the spleen 
seem to be more fragile than those entering the organ.*°?737 This 
swelling of the erythrocytes may be caused by erythrostasis.” (3) 
Splenectomy leads to the presence of red cells in the circulation which 
are thinner than normal (leptocytes, target cells) and show increased 
saline 

If the saline fragility of the erythrocytes were an indicator of their 
vulnerability to the forces of blood destruction in general, it could not 
be explained why the spherocytes in familial hemolytic jaundice are 
not as rapidly destroyed after splenectomy.* Furthermore, in vitro 
abnormally resistant cells should also be more resistant in vivo. This 
is not the case as our life cycle experiments after splenectomy demon- 
strate. One may assume then that the saline fragility test indicates 
only the vulnerability of the red cells to splenic destruction. This 
would correlate the effect of splenectomy in acquired and in familial 
spherocytic anemia. The function of the normal spleen in rendering 
the red cells more fragile would, however, be insignificant or negligible, 
as lack of this function obviously does not prolong the longevity of the 
cells. Non-spherocytic cells may also be affected by the spleen and 
leptocytes which are more resistant to saline may rapidly hemolyze 
in wivo, f.i., in Cooley’s anemia. There is, therefore, no true parallelism 
between the changes in saline fragility and the tendency of the erythro- 
cytes to rapid disintegration. Alteration in the shape of the red cells 
as indicated by the fragility tests is probably caused or accompanied 
by “structural” defects which may be of much greater biologic sig- 
nificance. 

Two possible mechanisms may be operating in the development of 
leptocytosis after splenectomy.®° First, the absence of the normal 
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spleen which when present increases slightly the fragility of the 
erythrocytes circulating through it. Secondly, the production of 
thinner cells by the bone marrow after removal of the controlling 
influence of the spleen. That bone marrow production is under 
splenic control can be seen from the almost regular appearance of 
Howell-Jolly bodies in several species after splenectomy.*!*-3.6° We 
are more inclined to believe in the importance of the second mechanism. 
Clinically, target cells are seen not only after splenectomy but also 
after hemorrhage,‘ in sickle cell anemia,” in Mediterranean anemia 
and related 46.71 jn long-standing liver diseases (cir- 
rhosis, metastases),*°" and in steatorrhea.* 
Of particular interest is the occurrence of leptocytes in the various 
svndromes related to Mediterranean anemia!--.7 (target oval cell 
syndromes of Dameshek,” thalassemia minor of Valentine and Neel), 
Recent studies of the members of families in which Cooley’s anemia 
occurred have demonstrated that clinical pictures exist in which target 
cells, oval and stippled cells are present, with a hypochromic anemia, 
refractory to iron medication, but without the signs of increased 
hemolysis. ‘Transitions may be found to the fully developed, severely 
hemolytic Cooley’s anemia.” According to our investigations, lep- 
tocytes with increased saline resistance occurring in the post-splenec- 
tomy state have a normal life duration. In these Mediterranean 
syndromes the leptocytes, however, have a variable tendency to rapid 
disintegration. Another factor is, therefore, involved, not directly 
related to the shape and fragility of the cells. In the Mediterranean 
syndromes a disturbance in hemoglobin formation and also a faulty 
tructure of the erythrocytes appear to exist. We believe that the 
degree of the structural defect is responsible for the tendency of these 
erythrocytes to undergo rapid destruction. The alterations in shape 
ind fragility, however, are in themselves no indication of the life 
xpectancy of these red cells. 
We are fully aware of the hypothetical nature of some of the state- 
nents made in this discussion which will probably arouse dissent from 
ther investigators. But we feel certain of general agreement that 
leterminations of the average life cycle or the survival time should 
ve more frequently employed for elucidation of controversial hema- 
ologic problems. These methods promise to become a very valuable 
ol in clinical investigations. 
Summary and Conclusions. 1. The average life duration of the red 
ell before and after splenectomy in dogs was found to be practically 
lentical, namely 113 days and 105 days respectively. After splenec- 
tomy the red cell population contained numerous target cells (lepto- 
tes) with increased resistance to hypotonic saline solutions. There- 
re, it must be concluded, that the longevity of these abnormal cells 
not prolonged. 
2. Participation of the spleen in physiologic blood destruction seems 

to be absent or negligible. In certain hemolytic anemias (spherocytic 
familial jaundice, acute hemolytic anemia, pernicious anemia) splenic 
hemolysis is present; it is selective, conditioned by abnormal properties 
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of the erythrocytes which circulate through the organ. 
dence is available for the existence of a primary hemolytic “hyper- 
splenism.”’ 

3. In the various Mediterranean syndromes, target cells with in- 
creased saline resistance are demonstrable, but, differing from the post- 
splenectomy state, show a variable tendency to undergo rapid disin- 
It is believed that this tendency is related to a structural 
defect of these erythrocytes, occurring independently from the changes 
in shape and fragility. 

The authors are indebted to Hoffmann-La Roche, Inc., for the supply of Synkavvite 
used in this work. 
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GENERAL ACQUIRED ANHYDROSIS 


By Huco T. ENGELHARDT, M.D.* 
INSTRUCTOR OF MEDICINE 
AND 
J. P. Metvin, Jr., M.D. 


ASSISTANT IN MEDICINE 
NEW ORLEANS, LA. 


rom the Department of Medicine, Tulane University, School of Medicine and Charity 

Hospital of Louisiana) 
THERE are many reports in the medical literature of individuals who 
- 39 0 not possess the ability to sweat. By far the majority belong 
the group exhibiting hereditary ectodermal dysplasia.!:? 
though this form of dysplasia is by no means common, acquired 
ihydrosis is even more of a rarity. Exhaustive search of available 
terature reveals only one such instance, that of Fog,’ of a previously 
ll individual who lost the ability to sweat. His patient was a 
year old white male who possessed normal sweat secretions until 
suffered a long febrile illness (paratyphoid fever). This occurred 
( years prior to Fog’s observations. Three months following this ill- 
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ness, the patient noticed that he could not perspire and suffered from 
a sensation of precordial oppression and facial congestion. In addition, 
he felt as though his entire body was overheated. These attacks would 
manifest themselves, not while working, but after he had stopped and 
was resting in a cool place. He noticed mild febrile states resulting in 
temperature increases to 102° F. Sealy skin was also noticed and 
treated with cold cream. Other secretions, such as from lacrimal 
and salivary glands, showed no abnormalities. Physical examination 
revealed no evidence of any organic, nervous or metabolic disease. By 
the use of artificial fever, pilocarpine injection and muscular activity 
the patient’s inability to sweat was demonstrated. Histologic exam- 
ination revealed that about one-half of the sweat glands had the 
structural characteristics of normal apocrine glands. The remainder 
appeared to be abnormal and presented cystic hollows covered with 
absolutely flat cells with only the nuclei clearly visible. The eccrine 
glands revealed no abnormalities. Fog concluded that the pathologic 
condition was localized in the heat center or centers of the hypo- 
thalamus. 

Of interest also is the observation of Beckman and Horton? on a 
36 year old white female who gave a history of heat intolerance since 
the 11th year of her life. From that time until the age of 26, it became 
necessary for her to live in the cooler basement of her home during the 
summer months. She stated that she had been dyspneic and unable 
to walk whenever the environmental temperature exceeded 85° F. 
At times this was so severe as to necessitate bed rest for as long as 
1 month. She stated that even in hot weather she had never been 
able to perspire. She appeared to be above average in intelligence 
and a stable type of individual. Physical examination revealed good 
bodily health. In order to test her ability to sweat, the entire surface 
of the patient’s skin was striped with a saturated alcoholic solution 
of cobaltous chloride and she was then placed in an aluminum baker. 
The temperature was maintained for 1 hour at 140° F. This experi- 
ment resulted in only slight sweating in the axille, the elbows, over the 
sternum, the soles of the feet and palms of the hands. She was given 
+ gr. of pilocarpine (0.013 gm.) subcutaneously. This resulted in gen- 
eralized sweating over the entire body. Because of the fact that she 
was examined in cool weather, these observers suggested that she 
return during the coming summer. She did so and was observed in 
one of her attacks in which she was unable to walk at a normal rate. 
It was felt after neurologic consultation, that the disturbance in gait 
was the result of hysteria. It was then suggested that she sit in the 
hot sun and she was told that she would not experience symptoms as 
she had in the past. She sat in the sun on 3 successive days and 01 
the last day she was exposed to the sun for 2 hours. The observer 
noted that at the end of this time she was “literally drenched wit! 
perspiration.” This case was reported as hysteria associated with a1 
absence of sweating. 

The case to be described below closely resembles that of Fog and 
illustrates the importance of bearing such a condition in mind whe 
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dealing with individuals who cannot sweat. Every physician of wide 
experience can recall individuals who maintained that they were 
unable to perspire but who nevertheless when properly investigated 
revealed no abnormalities of their sweating mechanism. 


Case Report. Mrs. E. H., a 49 year old white female, was admitted to the 
Tulane medical service of Charity Hospital on 7-15-43 with a complaint of 
‘burning of the skin and fever.”’ She stated that she had been perfectly well 
until 13 years previously when she fainted while scrubbing the kitchen floor. 
Immediately preceding this attack, she had noticed nervousness, dyspnea and 
a feeling of increased bodily heat. Since this episode, the patient had experi- 
enced frequent attacks of itching and burning of the skin associated with rise 
in temperature, at times to 102° F. These attacks occurred only during the 
summer months. She stated that her temperature rise was directly related 
to the hot weather and her degree of discomfort was directly proportional to 
the degree of environmental heat. There was no special daily variation and 
her symptoms were not related to the time of day but merely to changes in 
environmental temperature. Her most effective relief was found in frequent 
cold baths. Questioning revealed no antecedent disease which could be 
regarded as predisposing to her present symptoms except a history of typhoid 
fever during her youth. The patient had had several uneventful pregnancies. 

Physical Examination. Blood pressure 120/80 mm. Hg, temperature 99° F., 
pulse rate 80 per min. The patient was a well-developed, well-nourished 
white female who appeared younger than the stated age of 49 years. The 
skin was essentially normal in appearance but quite wrinkled, especially on 
the face. There were many small, reddish papules on the medial aspect of 
both legs, extending up onto the thighs and involving both gluteal regions. 
The hair was normal in texture, amount and distribution. 


bays| 1 | 2 | 3 | 4 [6[7 |] 
Hottest day 
of the year 

100.6°F 


Temperature 


Pulse 


Fig. 1.—General acquired anhydrosis. 


Examination of the eyes was negative as was examination of the nose and 
oral cavity. The thyroid gland was questionably enlarged. Examination of 
the chest and abdomen elicited nothing abnormal. Reflexes were physiologic. 
Vaginal examination gave normal findings. All laboratory tests gave results 
within the normal range, including complete urinalysis, blood picture, fecal 
examination, Kline and Kolmer serologic tests and repeated basal metabolic 
tests. 

Prior to admission to Charity Hospital, the patient had sought medical 
ittention from various physicians and according to her statement she was con- 
sidered by them to be a psychoneurotic individual and was treated accordingly. 
\fter taking her history we were inclined to agree, but because of her com- 
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plaint of fever she was kept on the ward for observation. This policy of 
masterful neglect was rewarded by graphic evidence of hyperpyrexia which 
coincided with one of the hottest days of the year (Fig. 1). This observation 
led to detailed study of the patient’s sweat mechanism. 


Methods of Study. Through the courtesy of Dr. G. E. Burch‘ the 
patient was placed in an air conditioned room (temperature 75° = 
1° F.; relative humidity 50 + 2%). The temperature was raised to 
120° F. and the relative humidity to 75% and sweat was collected 
quantitatively from various areas of the body surface. She remained 
in this environment for 30 minutes, at the end of which time her rectal 
temperature reached 105° F. Visual and tactile examination of her 
skin failed to disclose to a number of observers any evidence of per- 
spiration. 

At the onset of the experiment the room temperature was 75° F. 
and the relative humidity 50%. In this environment 5.1 mg. of 
sweat was collected per 5 sq. cm. of skin per 10 minutes.* The epi- 
gastrium was used as a site of collection. With the temperature of 
120° F. and relative humidity at 75%, 9.7 mg. of sweat were collected. 

Under similar conditions with normal subjects the results were as 
follows: With the environmental temperature at 75° F. and relative 
humidity at 75%, 5 mg. of sweat were collected from an area of epi- 
gastrium. With the environmental temperature at 105° F. and rela- 
tive humidity at 75%, 50 mg. of sweat were obtained. For further 
study, dead skin taken from the epigastrium was subjected to an 
environmental temperature between 55° and 60° F. and only 3.8 mg. 
of fluid were obtained. With the temperature between 66° and 
86° F. 5 mg. of fluid were obtained from the same area. With the 
temperature between 87° and 104° F., 5.9 mg. were obtained and with 
the temperature between 105° and 115° F., 7 mg. of fluid were obtained 
from this area of dead skin.‘ 

These data would indicate that the diffusion rate of dead skin was 
not unlike that of our patient. It would appear then that the fluid 
collected from the patient contained little, if any, sweat gland sweat 
and that the fluid represented to a large extent water lost as a result 
of simple diffusion. 

After the patient had recovered from this procedure and the tem- 
perature had returned to normal, her body was striped with tincture 
of iodine over which starch powder was applied. This technique for 
the demonstration of slight amounts of perspiration had previously 
been found to be adequate, giving a definite purple color wherever 
perspiration occurred. The patient was then given 3 gr. (0.013 gm.) 
of pilocarpine subcutaneously. This amount was sufficient to cause 
protracted vomiting, abdominal cramps and profuse salivation. Evi- 
dence of change in color of the stripes appeared only in the axille, 
in the perineal region and to a slight extent over the sternum. 

It was decided that in order to study further this patient, skin 
biopsy should be performed. 


* Hereafter the units of sweat loss are expressed in mg./5 sq. cm. of surface area/10 
minutes. 
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Histologic examination (courtesy of Dr. Charles E. Dunlap): Exam- 
ination of the skin from the abdominal area revealed moderate atrophy 
of epithelium, subepithelial connective tissue and sudoriferous glands. 
Sections employing alloidin technique revealed 4 moderately atrophic 
sweat glands. The ostium of one gland appeared to be obstructed by 
a keratin plug. There was generalized atrophy and hyperkeratiniza- 
tion of the epidermis with focal variations in degree. Moderate 
hyaline degeneration of the subepithelial connective tissue was present. 
Repeated sections using the same technique revealed essentially the 
same anatomic changes (Fig. 2). 


Fic. 2.—General acquired anhydrosis. 


Discussion. Because one of us (H. T. E.) had previously had oppor- 
tunity to study a family exhibiting hereditary ectodermal dysplasia,’ 
our attention was drawn to this disturbance of sweat mechanism when 
the patient’s temperature spiked to 100°° F. on one of the hottest days 
of the year. Such a diagnosis was untenable in view of the fact that 
there was no substantiating familial history. This led to the detailed 
studies described above. It will be noted from these data that our 
patient presented findings consistent with the diagnosis of general 
acquired anhydrosis. It is of interest to hypothesize that the only 
predisposing causes that could be even considered in this and the 
other reported case were closely ailied diseases: namely, paratyphoid 
fever in Fog’s patient and typhoid fever in ours. However, in Fog’s 
vatient, the illness preceded the first symptoms by only 3 months 
vhile in our case there was a lapse of many years. Further dissimilar- 
ty is the fact that in our case, all the sweat glands examined revealed 
reneralized atrophy. Although changes in the central heat centers 

annot be discounted, it would appear from the information available 
hat there were definite pathologic changes in the sweat glands which 
lone could explain the hyperpyrexia. 
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The patient has been followed for almost 2 years and when last 
seen reported that her ability to sweat had not returned. In spite 
of the fact that she had kept herself clad as cool and her environment 
as cool as possible, she still had the same complaints as when first seen. 

Summary and Conclusion. A patient with general acquired anhydro- 
sis is described. Various diagnostic procedures verified this diagnosis. 
Histopathologic examination of sections of skin revealed generalized 
atrophy of the sweat glands. 
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POISONING BY HYDROQUINONE AND MONO-METHYL- =: 
PARAMINOPHENOL SULFATE 


REPORT OF 2 CASES WITH AUTOPSY FINDINGS 


By Capt. Irvinc ZerpMan, M.C. 
AND 
Capt. Rupotr Deut, M.C. 
FIRST MOBILE SECT., 40TH STAT. HOSP., A.P.O. 366, C/O POSTMASTER, NEW YORK, N. Y. 

Past literature reveals reports of 3 cases of hydroquinone poison- 
ing:':7 2 of these include autopsy findings. No cases of. poisoning 
from mono-methyl-paraminophenol sulfate have been reported. In 
view of the paucity of information on the toxic effects of these 2 com- 
pounds, so commonly used in photographic processes, it is thought 
that our experiences are worth reporting. 

Experimental Work. Busatto? found that the subcutaneous injec- 
tion of 0.16 to 0.17 mg. of hydroquinone per gram of body weight into 
white mice produced an acute syndrome divisible in 3 stages. The 
initial stage, lasting about 40 minutes, was characterized by markedly 
increased motor activity, hyperactive reflexes, sensitivity to light and 
acoustic stimulation, dyspnea and cyanosis; in addition, the tail often 
assumed a double-curved S-form, vertical to the back. The second 
stage revealed clonic convulsions increasing in frequency and intensity, 
and generally lasted 1 hour. The third stage, about 6 hours in dura- 
tion, revealed a state of complete motor exhaustion, paralyses, diminu- 
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tion and almost disappearance of sensitivity and reflexes, semi-coma 
and death. The minimal lethal dose lay between 0.16 and 0.17 mg. 
per gm. of body weight. Larger doses diminished the duration of each 
period, and a dose about twice the minimal lethal dose eliminated the 
third stage entirely. 

Oettel® studied hydroquinone poisoning in cats. Oral administra- 
tion of 60 to 100 mg. of hydroquinone per kg. of body weight produced 
acute poisoning, characterized by increased sensitivity to. physical 
stimuli, choreiform movements, subsequent partial paralyses, dyspnea, 
hypothermia, and edema of buccal mucosa, lips and conjunctiva. 
Death usually occurred in 7 to 36 hours. Blood changes were leuko- 
cytosis, reticulocytosis, and, after the first 24 hours, an increased cell 
fragility; rarely a trace of methemoglobin was found, but it was found 
in great quantity several hours after death. Urine revealed blacken- 
ing several hours after exposure to air; albumen was always absent. 
Subacute hydroquinone poisoning was produced by the oral adminis- 
tration of 3 to 50 mg. per kg. of body weight and was characterized by 
dyspnea, hypothermia, alterations in muscle tonus, and hemolytic 
icterus. Ciaranfi* accurately determined the blood changes in sub- 
acute hydroquinone poisoning, and found a hyperchromic anemia, 
reticulocytosis, neutrophilic leukocytosis, eosinophilia, and in many 
cases myelocytes and metamyelocytes. The chronic form of hydro- 
quinine poisoning revealed progressive anemia without icterus, reticulo- 
cytosis, sometimes leukocytosis, hypoglycemia, depigmentation of fur 
and a profound cachexia leading to death. 

The mode of action of hydroquinone and related compounds is 
largely unknown. The concept of an internal asphyxia due to met- 
hemoglobinemia is not tenable, as methemoglobin is not detectable in 
significant quantities during life.'+° Possible but unproved, is that 
acute poisoning may lead to death by a direct action of the drug on 
the central nervous system, with respiratory and circulatory paralysis. 
Manifestations of subacute poisoning are obviously linked with the 
production of a hemolytic anemia with subsequent jaundice and 
reticulocytosis—whereas the anemia of the chronic type may be of a 
low grade hemolytic nature or secondary to depressed hematopoietic 

ctivity. There is no satisfactory explanation for the occasional 
ypoglycemia. Experimental evidence suggests that hydroquinone 
produces its toxic effects after being converted by oxidation to quin- 
ne.!5 Hydroquinone is eliminated rapidly from cats during the first 
hours.' 
Previously Reported Cases. Remond and Colombies’ report a case 
f suicide in which a 36 year old man took 12 gm. of hydroquinone; 
iortly thereafter, tinnitus, sleepiness, a suffocating sensation, and a 
ollen tongue were experienced. Physical examination revealed 
spnea, cyanosis and extreme somnolence. Improvement was marked 
ter 24 hours. Urine examinations revealed a black color, which 
appeared after the 4th day; a test for phenol in the urine was posi- 
e the first few days; albumen was negative. Blood changes con- 
ted of hypoglycemia and hypercholesterolemia. 
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Halbron, Bosquet and 'Tiffenan‘ report a second case of poisoning 
from 5 gm. of hydroquinone and 4.5 gm. of benzcatechine in a negress. 
During the first 24 hours patient became unconscious, had convul- 
sions and vomited black liquid; consciousness was recovered on the 
2nd day. The urine and stool were colored black, the urine contained 
a trace of bile pigment, but no albumen or methemoglobin. At the 
end of the 4th day, icterus of the sclera was noticeable and gradually 
increased; the urine contained abundant bile pigment, bile salt, blood 
and albumen; a blood study revealed a white count of 50,000 leuko- 
cytes, 1.3 million, red blood cells and numerous normoblasts. Death 
occurred on the 12th day. At autopsy, the chief gross findings were 
petechize of the mucosa of the gastro-intestinal tract, and slight 
splenomegaly. Microscopically, the significant changes were in the 
liver; there was a hemorrhagic infiltration of perilobular regions, and 
biliary pigmentation of parenchymal cells. 

Another suicide case is reported by Busatto! in a 29 year old female 
who took 6 gm. of hydroquinone and 2 gm. of metol. During the 
first 4 days, hypotension, weak pulse, cyanosis and slight icterus were 
manifested. On the 5th day, icterus increased markedly and hyper- 
thermia developed; death occurred on the 6th day. Urine was normal 
in amount, brownish black after exposure to air, negative for sugar 
and albumen, positive for hemoglobin, and weakly positive for bile 
salts; granular and hyaline casts were contained in the urine specimen 
of the last day. Gross autopsy findings include icterus, broncho- 
pneumonia, pulmonary edema and reddish brown urine in the bladder. 
Microscopic findings were cloudy swelling and fatty degeneration of 
the kidney, fatty degeneration of the liver, acute myocarditis, broncho- 
pneumonia and pulmonary edema. - No hydroquinone was found in 
urine or stools. The case corresponded to subacute hydroquinone 
poisoning in cats—that of hemolytic jaundice. 

Case Reports.* Two men took developing powder, mistaking it for Epsom 
salts. The subsequent clinico-pathologic pictures were almost identical. 
Therefore, both cases are reported in consolidated form, and any differences 
are noted. 

On December 21, 1943 ——- and —— each took about 15 gm. of developing 
powder, a mixture of hydroquinone and mono-methyl-paraminophenol sulfate. 
Within 5 hours, developed diffuse abdominal pain, vomiting and shock; 
the latter responded promptly to plasma therapy. ——— developed severe, 
diffuse abdominal pain, but no vomiting or immediate shock. Both were 
then admitted and treated in hospital. During their stay in the hospital, 
severe diffuse abdominal pain was the chief complaint, and their course was 
progressively downhill. Cyanosis, progressively deepening, tachycardia, 
melena and hematuria were observed; on the 3rd day ——— revealed a reversal! 
of the pupillary response to light. Urinalysis, performed on each case imme- 
diately after micturition, revealed albumin, numerous erythrocytes, and fre 
hemoglobin in the supernatant fluid after centrifugalization. ——— lived fo 
73 hours, 92 hours, after the taking of the poison. Treatment consiste: 
of intravenous glucose and plasma, sangstop, caffeine and camphor in oil. 

Necropsy Findings. Macroscopic: Skin and sclere—icterus; cardiovascula 
system—fatty degeneration of heart ( ), parenchymatous degeneration « 
heart ( ), acute myocarditis, acute dilatation of right auricle and ventric: 
atherosclerosis of aorta; respiratory system—acute passive congestion, acu‘ 


* The histories and autopsy findings are so similar that the cases are reported togeth« 
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bronchitis, acute focal pulmonary arteritis (——), petechie of pleura; spleen 

marked hyperemia, phagocytosis of erythrocytes; liver—acute passive con- 
gestion, bile pigmentation, phagocytosis of erythrocytes; abdominal cavity— 
petechiz of peritoneum and panniculus adiposus, mesenteric lymph nodes— 
acute lymphadenitis; adrenals—parenchymatous degeneration; genito-urinary 
system—hemoglobinurie nephrosis; brain—petechie, acute passive congestion. 

The bodies weighed about 130 pounds each, and were emaciated. The 
skin and scleree of ——— were markedly icteric, whereas only the scleree of —— 
were yellow. The abdominal cavity was free of fluid and adhesions; the entire 
visceral and parietal peritoneum and the paniculus adiposus were studded with 
pin-point red spots; the large intestine was collapsed. Pleural cavities were 
free of fluid, and the pericardial cavity contained about 20 cc. of pink, slightly 
cloudy fluid. 

The pleura contained scattered pin-point red spots, and was smooth and 
glistening. The parenchyma of the lung was tawny in color and crepitant, 
save in the lower lobes where it was red, oozed considerable serosanguinous 
fluid, and revealed diminished ecrepitance. Bronchi contained serosanguinous 
fluid. Pulmonary vessels were not remarkable. 

The heart weighed about 425 gm. There was moderate enlargement of the 
right sides, and, on opening, dilatation of the corresponding chambers. The 
pericardium was not remarkable. The myocardium was reddish brown and 
firm; in the case of ———, the myocardium revealed fine yellow streaking most 
prominent in the papillary muscles. The endocardium and valves of —— 
| were yellow-tinged. Measurements of valves and ventricular thicknesses 
were within normal limits. The entire cardiovascular system was filled with 
tawny-brown clotted blood; the clot was easily removed. 

The livers revealed slight enlargement and weighed about 1550 gm. each. 
1 Free margins were rounded. Sections displayed golden-brown, slightly bulg- 
‘ ing parenchyma. An iron stain of the tissue was negative. 

Gall bladder, pancreas and adrenals were not remarkable. 
Both spleens were firm, and about 1} times normal size, and weighed approxi- 


mately 250 gm. each. Capsules were thin and smooth. On section, the 
)- parenchyma was firm, non-bulging, and uniformly reddish purple. 
u The kidneys of both cases were slightly enlarged; each kidney weighed 
“ upproximately 200 gm. Capsules stripped with ease, revealing smooth corti- 
cal surfaces. On section, the parenchyma bulged, oozed considerable blood, 
ind was dark red in color. At the cortico-medullary junctions there was 
- heavy reddish purple mottling which, in the immediately overlying cortex, 
a assumed a striated, radiating pattern, perpendicular to the capsule. Cortical 
an thickness over pyramids was uniformly 8 mm. Cortical vascular striations 
vere obscure. Pelves and ureters were not remarkable. The bladders con- 
™ tained about 100 ce. of red, cloudy urine; the mucose revealed no abnormali- 
ey ties. Prostates, testes and epididymis were not remarkable. 
as The gastro-intestinal tracts displayed no abnormalities other than a deep 
a. reen stain of the fecal contents. Mesenteric lymph nodes were slightly 
nlarged. Sections revealed uniformly pink parenchyma. 
‘tal he brains revealed injection of the meninges, pink spinal fluid in the 
aaa entricles, and scattered pin-point red spots throughout the white matter of 
dia ie cerebral hemispheres. reas 
oa Microscopic: The chief pathologic findings were centered in the kidneys, 
a er, spleen, heart, lung and brain. Almost exact changes were presented in 
fi In the kidney peritubular and glomerular capillaries were markedly dilated. 
a )wman’s spaces were frequently filled with homogeneous eosinophilic mate- 
| il containing an occasional erythrocyte; the cellular pattern of glomeruli 
cul: d their capsules was not disturbed. Cells of convoluted tubules were 
“ ollen, hazy in outline, and loaded with large intracytoplasmic eosinophilic, 
cl ractile, hyaline droplets. Henle’s loops, and collecting tubules of cortex 
mane | medulla, were filled with deep red, homogeneous and granular casts which 


itained an occasional incorporated erythrocyte. The interstitial tissue and 
ge blood-vessels revealed no abnormalities. 
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The liver revealed dilatation of central veins and sinusoids. Kiipfer cells 
were prominent, and occasionally contained an erythrocyte or a few scattered 
coarse, brown, intracytoplasmic granules. The cytoplsm of parenchymal 
cells in the center of tubules was filled with fine, golden-brown granules. 
Perilobular regions revealed no abnormalities. 

Venous sinuses of the red pulp of the spleen were markedly dilated, and 
filled with erythrocytes; in some areas the sinus architecture was obscured 
by the marked accumulation of erythrocytes. Endothelial cells of the red 
pulp and, occasionally, monocytes of the Malpighian follicles contained an 
erythrocyte in the cytoplasm. No other abnormalities were observed. 

Myocardial fibers of the heart revealed swelling, partial loss of transverse 
striations, sarcoplasmic vacuolization, and occasional elongation and widening 
of nuclei. There were focal accumulations of plasma cells and polymorpho- 
nuclear leukocytes in the interstitium, most prominent in the papillary 
muscle and subendocardial region. 

Alveolar spaces of the lung contained homogeneous eosinophilic material 
and arareneutrophil. Interstitial capillaries were dilated, and the interstitium 
contained occasional erythrocytes and rare neutrophils. Bronchiolar mucose 
revealed capillary dilatation and neutrophilic infiltration. In the case of —— 
one small artery contained numerous neutrophils in its intima, and its endothe- 
lial lining had disappeared. 

The brains revealed focal parenchymal collections of erythrocytes with sur- 
rounding rims of separated glial fibers. Capillaries were dilated and occa- 
sionally filled with homogeneous eosinophilic material. Virchow-Robin spaces 
sometimes contained a few round cells and Gitter cells. Scattered neurons 
were swollen, and their outlines were hazy. 


Discussion. ‘The autopsy findings and clinical history indicate that 
both cases developed an overwhelming hemolytic anemia with jaun- 
dice in response to intoxication with hydroquinone and mono-methyl- 
paraminophenol sulfate. In both cases, the indications for this con- 
clusion were marked engorgement of the venous sinuses of the splenic 
red pulp, phagocytosis of erythrocytes in the spleen and liver, marked 
nephrosis and heavily pigmented casts in the kidney, bile pigmentation 
(microscopic) of liver, hemoglobinuria and jaundice (marked in 1 case, 
slight in the other). The 2 cases correspond to subacute hydroquinone 
poisoning in cats*.° and to 2 reported cases.'* The rdle of methemo- 
globinemia in causing the deaths is hard to evaluate. The tawny 
color of the clots in the cardiovascular system suggest methemoglobin 
formation, but Oettel® has found that in cats the great majority of 
the methemoglobin change occurs after death; both posts were per- 
formed approximately 12 hours after death. Bladder urine of patient 
revealed the presence of reducing substances by simple chemical tests, 
suggesting that the toxic agents were still acting at the time of death. 

Summary. 1. Experimental work on the effect of hydroquinone in 
animals is summarized. 

2. Three previously reported cases of hydroquinone poisoning are 
reviewed. 

3. Two new fatal cases of poisoning from hydroquinone and mono- 
methyl-paraminophenol sulfate are reported. 

4. It is concluded that the chief pathologic changes produced by 
the 2 compounds were attributable to a hemolytic jaundice. 

The authors wish to acknowledge their indebtedness to Lt. Col. Balduin Lucké and 
Dr. W. A. Sawyer for their encouragement to report the cases, and to the Army Medical 


Library which sent a partial bibliography overseas. Papers 3 to 6 in References were 
utilized indirectly from other papers listed. 
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THE XIPHOSTERNAL CRUNCH AND ITS INCIDENCE IN 
HEALTHY INDUCTEES 


By Myer Souts-Conen, M.D. 
PHILADELPHIA, PA, 


In about one-fifth of healthy men a crunching sound is heard con- 
stantly or frequently over the ensiform cartilage and the lower portion 
of the sternum and to their left. This sound is of no pathologic sig- 
nificance and its cause is not known. Yet it not infrequently is 
mistaken for the murmur of mitral insufficiency, in consequence of 
which men have been denied life insurance or have been rated up, 
have been refused employment, have been rejected by the armed 
forces, and have been subjected to unnecessary treatment with its 
accompanying expense, trouble and anxiety. 

This crunch is mentioned in only a very few of the books on cardiol- 
ogy, physical diagnosis and medicine and is seldom referred to in 
published articles on the heart and the heart sounds. Nevertheless, 
during the past century and a quarter a number of physicians have 
described this phenomenon, while others have noted sounds which 
probably are identical with it. 

References to the Xiphosternal Crunch. In 1819 Laennec*®® wrote 
of a buzzing heard at the lower part of the sternum and between the 
cartilages of the left 6th and 7th ribs, and in 1826,‘° among the phe- 
nomena which might be confused with true cardiac murmurs, called 
attention to a metallic click and to a creak, which formerly he had 
mistaken for a sign of pericarditis. Bouillaud” in 1835 and Aram‘ 
in 1843 referred to the first mentioned sound as a metallic clacking, 
the latter regarding it as of little diagnostic importance. Latham*! 
in 1847 noted a scratch or scrape under the lower part of the sternum 
in healthy individuals. A chisel-sound at the lower end of the sternum 
was found by Brown" in 1856 to be of frequent occurrence in healthy 
persons. 

In 29 of 111 parturient and puerperal women, Money® in 1882 
ieard just above and to the left of the ensiform cartilage a systolic 
friction-like sound that sounded quite superficial and was short, high- 
pitched, and rather stiff in quality. A grating or coarsely rubbing 
ound in the tricuspid area was reported by Russell®* in the same year 
is occurring in a number of cases with debility. Sansom* 10 years 
ater called attention to rough, scraping, seemingly very superficial, 
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systolic sounds, heard over the tricuspid area and the right ventricle, 
in conditions that deviated in no notable way from the standard of 
health. 

In 1897 Broadbent stated that a musical tricuspid systolic murmur 
may sometimes be heard over a limited area, but seldom had any 
important significance. Three years later Abrams* referred to a 
rough or whizzing murmur loudest at the 4th left interspace close to 
the sternum. Hare in the following year described a peculiar vibrat- 
ing*sound occurring with systole and heard best from 1 inch to the 
right of the sternum to 1 inch to thé left of the nipple, on the nipple 
level, sometimes dry, like a pericardial friction sound, which he was 
confident it was not. Eighteen years later,?’ in referring to what was 
probably the same sound, he spoke of it as a short flapping or tapping 
sound, single or double, but said it was of no significance. 

Osler,® in discussing Hare’s first paper, mentioned two sounds that 
sometimes worried and sometimes puzzled him. In the majority of 
healthy hearts, as he moved his stethoscope from the apex to the 
sternum, he heard a peculiar and remarkable crunching sound. Also 
at the apex he frequently heard a little grating sound, much like a fine 
pericardial friction, yet not having the rubbing nature of that sound. 
Also in 1901 Colbeck'® discussed a peculiar form of friction sound, 
accompanying systole, sometimes heard at the level of the 5th and 
6th intercostal spaces, close to the left sternal edge and over the base 
of the ensiform cartilage, commonly observed in downward displace- 
ment of the heart due to emphysema, but also present under appar- 
ently normal conditions. 

Forty-two years ago the writer described in detail a xiphosternal 
crunching sound, heard over the lower sternum and a little to its left, 
and gave the first review of the literature on the subject. Six years 
later® he published an analysis of 63 cases that exhibited this sound, 
studied with regard to its time, position and boundaries, and the effect 
upon it of body position, exercise, pressure of the stethoscope, size of 
the heart, condition of the cardiac muscle, and other factors. Satter- 
thwaite® in 1905 spoke of a tricuspid systolic murmur occurring in 
anemia. ‘Three years later Porter®® expressed his belief that what 
had generally been regarded as a tricuspid murmur is a type of mur- 
mur which to his mind was very common. In a large percentage of 
cases he found this murmur to exist without any symptom. Benedict? 
in 1910 noted the xiphosternal crunch in several cases and suggested 
its identity with the thump, crunch, swish, or indescribable murmur, 
synchronous with the heart beat, heard over a distended stomach. In 
1914 Blumer" pointed out a physiologic difference in the quality of 
the heart sounds underneath and in the neighborhood of the sternum, 
as compared with the sounds over the rest of the heart. This super- 
ficial scratching sound he regarded as a normal phenomenon which 
may be mistaken for a pathologic sound and give rise to errors in 
diagnosis. 

King* in 1919 and again in 1932, 1939°° and 194037 mentioned a 
superficial crunching sound at the lower left border of the sternum, 
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heard in normal persons, which had been mistaken for an organic 
murmur” and for a true pericardial rub.*7 

Meyer! in 1921 discussed systolic murmurs localized at the base of 
the xiphoid appendix, not propagated the length of the costal border, 
and others which were parasternal, generally on the left at the inner 
extremity of the 4th interspace or of the 4th rib, extending over a 
more or less extended area, transmitted a little toward the apex, 
which must be differentiated from the murmur of tricuspid functional 
insufficiency. Norris® asserted in 1924 that in a considerable number 
of perfectly healthy individuals the heart sounds heard just over the 
ensiform cartilage and in its immediate vicinity have a peculiar harsh, 
scratching, scraping, or crunching quality closely resembling a peri- 
cardial friction sound, its importance lying in the fact that it may 
readily be mistaken for a pericardial friction or a mitral murmur. 
Thirteen years later Fishberg'® referred to a not uncommon crunching 
sound which is confused with the murmur of relative tricuspid insuffi- 
ciency. 

In 1940 Anderson® said that at times a rasping, almost musical 
murmur, following the first sound, can be heard at the left sternal 
border at the level of the 4th or 5th rib. Haskin*® in 1942, examining 
recruits, found functional heart murmurs extremely common, occurring 
chiefly at the apex, but also down the left side of the sternum. He 
labels as exocardial certain murmurs usually heard down the left side 
of the sternum, but occasionally at the apex, which are harsh and 
often loud, superficial and not conducted, and are sometimes mis- 
diagnosed as congenital heart lesions. Writers who refer to the xipho- 
sternal crunch, but who do not mention having heard it, are Bennett" 
(1906), Askenstedt® (1913) and Lyon‘? (1941). 

References to Sounds That May Be Identical With the Xiphosternal 
Crunch. In addition to the references given above, a number of 
writers have described murmurs which are probably identical with the 
xiphosternal crunch. These include: the friction character assumed 
in some persons by the element of impulsion in the first heart sound 
and the slight rubbing or grazing sound accompanying systole, noted 
by Flint;° the aftertone or echo, heard by Hayden*® both over the 
base of the xiphoid cartilage and over the 6th and 7th costal cartilages 
about | inch to the left of the sternum; the superficial murmur per- 
ceived by Labougle,** best on a line going from the apex to the xiphoid, 
and heard also, according to him, by Lamacq and others; the perma- 
nent tricuspid bruit, referred to by Pitt;** the murmurs in some of the 
cases reported by Ellis;!* the systolic tricuspid murmur with absence 
of symptoms, other signs and etiology, described by Laubry;* the 
short, superficial, systolic, precordial murmurs with a scraping quality, 
of which Lendon* wrote; the coarse limited pericardial rub which to 
Carlisle® sounds more like a murmur; and the grating sound of the 
first tone occurring in the rapid heart of the apprehensive individual, 
to which Markson and Gethner*® refer. 

Possible Mistaking of the Xiphosternal Crunch for the Murmur of 
Relative or Functional Tricuspid Insufficiency. It is likely that the 
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xiphosternal crunch is sometimes mistaken for the murmur of relative 
or functional tricuspid insufficiency, especially as in their reports of 
the latter many writers make no mention of an accompanying pulsa- 
tion of the veins in the neck or of an enlarged, tender and pulsating 
liver. Tricuspid regurgitation seems to have been found much more 
frequently by the older writers than by physicians at the present time. 
Penfold®? concluded that it occurs in the majority of men and may be 
looked upon as physiologic. Gibson™* regarded it as the most com- 
mon valvular affection, although he admitted® that in a very large 
proportion of cases auscultation furnishes the sole evidence of the 
disease and that there may not be any perceptible widening of the 
orifice. Mackenzie*® found incompetence of the tricuspid valve so 
common that he was inclined to look upon the valves as being barely 
able to close the orifice perfectly. 

On the other hand, Babcock,’ admitting that there may at times be 
slight leaks that are not considerable enough to produce positive 
venous pulse in the cervical veins and liver, regarded this merely as a 
matter of conjecture. He was unwilling to accept the presence of sys- 
tolic whiff in the tricuspid area as conclusive evidence of leakage at 
this orifice, and said one might argue that the murmur is due to some 
other condition than actual regurgitation. 

Probable Confusion of the Xiphosternal Crunch With Cardiorespi- 
ratory Murmurs. In all probability many physicians have looked 
upon the xiphosternal crunch as a cardiorespiratory murmur, notwith- 
standing the fact that it fulfils none of the criteria of the latter, although 
its intensity sometimes varies with the different phases of respiration. 
Moreover in many books and articles the cardiorespiratory is the only 
accidental murmur mentioned. Neuhof**** even says that the so- 
called cardiorespiratory murmur may be rough and loud, and be 
transmitted along the left sternal border and lower precordium as a 
somewhat superficial, squeaky sound, resembling a friction sound. 
Dressler!’ likewise spoke of cardiopulmonary murmurs heard in the 
apical region or near the left sternal border, which resemble some intra- 
cardiac murmurs. 

Xiphosternal Crunch Mistaken for the Murmurs of Mitral Incom- 
petency and of Congenital Heart Disease and for Pericardial Friction. 
Undoubtedly the xiphosternal crunch has been mistaken for thé mur- 
mur of mitral insufficiency. The writer has seen such errors made by 
competent internists and cardiologists. Others have referred to similar 
mistakes.®-!! [This is what makes recognition of the nature 
of the phenomenon so important. 

Differentiation is rendered more difficult by the facts that in some 
cases of mitral incompetency the murmur has its maximum intensity 
in the tricuspid or along the left sternal border, 46 
and may be transmitted to the ensiform cartilage,! while, on the other 
hand, a murmur originating in the tricuspid area may be transmitted 
to the apex"®*§ and occasionally has its maximum intensity just to its 
inner side." Harris?’ found it often difficult to say whether a systolic 
murmur has originated at the tricuspid or has been transmitted from 
another area. 
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According to Broadbent,'* when a murmur heard at the apex is lost 
immediately to the left of the beat, while it is audible between the apex 
and the lower end of the sternum, its seat of production is at the 
tricuspid, and not at the mitral orifice. Benedict® questioned whether 
some of the common statements regarding the development of func- 
tional mitral leakage under strain may not depend upon the incorrect 
interpretation of the xiphosternal crunch. Haskin®® referred to this 
phenomenon being mistaken for the murmur of a congenital heart 
lesion. ‘The xiphosternal crunch has sometimes been diagnosed ,as 
the friction of a pericarditis*’ “°° and has been described as a friction 
sound. 76 52,56 

Failure of Most Clinicians to Recognize the Xiphosternal Crunch. 
Despite the references to the xiphosternal crunch in medical literature 
during the past 125 years, it is recognized by few physicians and has 
been ignored by most writers on cardiology, physical diagnosis, and 
general medicine. When faint, it may easily be overlooked, but 
when moderate, and especially when marked, it is readily heard. 

It naturally will be missed by those physicians, including some 
cardiologists and internists, who seldom listen over the xiphoid cartilage 
and lower sternum, probably because significant murmurs are rarely 
heard there. Freeman and Levine,” in their study of 1000 consecu- 
tive “non-cardiac’’ cases, to determine the clinical significance of the 
systolic murmur, and Gibbes,” in his investigation of heart murmurs, 
heard in 1166 consecutive examinations, refer only to the apex and 
the base of the heart. Similarly systolic murmurs were divided by 
Hunt* into those best heard over the base of the heart and over the 
apex. 

In the writer’s opinion, the failure of most cardiologists and internists 
to notice the xiphosternal crunch is due to the fact that their ears 
have become so trained to recognize pathologic sounds and to ignore 
all other sounds which their experience has taught them have no 
pathologic significance, that the latter sounds, when heard, are not 
impressed on their field of consciousness. Von Jiirgensen® similarly 
explained why a person with an acute ear, but without an intimate 
knowledge of the heart, can hear “murmurs” more easily than one 
with an experienced ear, which from the first is accustomed to exclude 
the unessential features of the sensory impression, with the result that 
these features of it escape his observation. Gibson” said that tri- 
cuspid incompetence is so commonly found during the examination of 
patients who suffer from diseases of the most varied kind, that it 
frequently passes unrecorded. 

Wolferth and Margolies”® complain that “extra” heart sounds con- 
stitute a very common auscultatory finding and yet comparatively 
little is said about them in the various standard works on physical 
diagnosis. Nevertheless, these authors fail to mention the xipho- 
sternal crunch in either of their articles on extra heart sounds.”°:7! 

Characteristics of the Xiphosternal Crunch. The characteristics of 
the xiphosternal crunch are not always the same. While frequently 
likened to a crunch,*-1%.#.55.56.64.66 the phenomenon has also been de- 
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scribed as a brushing, scraping, grating,®®-°° 
scratching," °° rasping,? chisel-sound,** buzzing,** flapping,?7- 
puff,®* squeal, squeak,* click,*?-°4°.** metallic click or tinkling,*?*° 
clacking,*: creak,*° whizzing,? tapping,?? 
gastric tinkle,*° aftertone or echo,*° reduplication,"* coin sound,?* the 
word “ching,’’* friction,! -4.52.55.56.64 and a vibrating, and as 
high-pitched,-*4 rough,?-*!4 superficial stiff,?6.5? 
harsh,?® short and rough, short and quick,’ musical,*"* and extra- 

The sound has been compared to that made by a foot crunching in 
soft snow," by striking the clasped hands against the knee,”’* by 
a chisel or short plane used forcibly across the end of a piece of timber," 
by a file drawn over wood,** by the rubbing together of two pieces of 
velvet, by drawing a cork out of a bottle,** by allowing a stiffly 
starched cuff to rub slightly against the other, while they are on the 
wrist,”° and to a motor-knock,” to the creak of leather of a new saddle 
under the rider,*® and to the sound heard when one places the palm 
of the hand over the ear and percusses the occiput with the end of the 
index finger.*° 

The xiphosternal crunch is regarded as accompanying systole! 52.61 
by many, although some say it may be systolic,''”° diastolic,* or 
both. In the writer’s experience the majority has been systolic. 

The phenomenon has been observed by Blumer" in all ages after 
infancy but by the writer chiefly in adults. Other observers fail to 
mention age. 

In many cases the sound is increased by leaning forward," 5. by 
exercise,?"> and by nervousness, excitement or fear,?> and is dimin- 
ished on lying,*: when it may even disappear.?*:% 

The different phases of respiration may or may not affect it, but it 
never is present only during the respiratory motion. 

The area over which the crunch is heard varies greatly in extent, 
usually being greater when the sound is loud. In Blumer’s" cases the 
area of maximum intensity was 13 by 9 cm. in the average adult and 
7 by 4 em. in children. 

The Cause of the Xiphosternal Crunch. ‘I'he origin of the xipho- 
sternal crunch is unknown, although various explanations have been 
suggested. 

The cause has been regarded by some as endocardial, such as vibra- 
tions of the chorda tendinee produced by imperfect contraction of 
their muscular attachments,”> permanent lack of tone,* and congenital 
perforation of the aortic valve.“* The phenomenon has been regarded 
as a valve sound,” ** a cardiomuscular sound,?* and a drawing out of 
the scratch of the second aortic sound.* 

A number of observers have believed the cause to be in the peri- 
cardium, including a fibrous patch on the pericardium, fibrous patches 
plus toxemia,'**° bubbles of air in the pericardium, rubbing of the 
visceral over the parietal lamina of the pericardium” and localized 
precordial roughening.”® Benedict® thought the crunch to be of 
cardiopulmonary origin, due to a direct compressive action of a tilted 
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or displaced heart against the lung, producing an audible current of 
air from the vesicles into the bronchial tubes. 

Other explanations are: friction of the heart against the chest 
wall,*?.* the crowding of an enlarged heart in the inferior mediasti- 
num,*® downward displacement of the heart due to emphysema," 
mediastinal emphysema—the air in the tissues causing a crepitant 
‘sound,®® movement of the xiphoid,!® changes in the tension of the 
loose cellular tissue in the sterno-pericardial ligament, which binds the 
anterior surface of the pericardium to the posterior thoracic wall and 
which may be affected by the movements of the heart," and gastric 
resonance imparted to the right ventricle of the heart through the 
diaphragm.? 

The Incidence of the Xiphosternal Crunch in Healthy Men (Inductees). 
Blumer" regards the xiphosternal crunch as a normal phenome- 
non. He, Osler, Brown," and Norris® have found it of frequent 
occurrence in health. It has also been observed in healthy persons by 
Sansom,*' Colbeck, King* and the writer. No attempt has been 
made heretofore, however, to find out how frequently it occurs in 
persons in good health. 


Procedure. In order to determine the incidence of this phenomenon in 
healthy men the writer has recorded its occurrence in 5000 consecutive examina- 
tions of inductees, noting the intensity and transmission of the sound and the 
age, development and pulse rate of those exhibiting it. 

The men were seated when examined and in most instances were not made 
to lean forward, lie down or exercise. 


Of 4982 men studied, 887 (17.8%) showed the xiphosternal crunch. 
The last 3000 were examined more carefully than the preceding 2000 
and the writer’s ear probably had become more acutely sensitive to 
the sound. In 660 (21.1%) of these 3115 men the crunch was heard. 
More careful notes were made in this latter group as to accompanying 
conditions. 

In these 660 cases the crunch was slight in 43.3%, moderate in 
35.7% and marked in 21%. The cases where the crunch was slight 
might easily be missed by one not accustomed to the sound. The 
marked crunch is the one that is most likely to be mistaken for a 
murmur (‘Table 1). 


TABLE 1.—CHARACTERISTICS OF XIPHOSTERNAL CRUNCH 


Incidence: 660 cases found in 3115 examinations (21.1%) 

Degree: Slight in 43.3%: moderate in 35.7%; marked in 21% 

Diagnoséd as murmurs: Mitral, 24 (3.6%); functional, 10 (1.5%) 

Sound transmission: None, 18.2%; to the left, 81.8% (midprecordium, 9.3% ; 
apex, 1.7%) 


Of these 660 crunches, 24 (3.6%) are known to have been diagnosed 
as organic mitral murmurs and 10 (1.5%) as functional murmurs 
Table 1). ; 

The crunch was heard only over the sternum and ensiform in 18.2% 
f these cases and was transmitted to the left in 81.8%, being heard 
is far as the mid-precordium in 9.3% of the latter and as far as the apex 
n 1.7% (Table 1). 
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The body development of those exhibiting this phenomenon was not 
found to be poor (‘Table 2), although some attribute it to the presence 
of a thin chest wall or of a funnel-chest. The unusually high pulse 
rate (Table 3) was probably due to excitement incident to the examina- 
tion. Nearly all those with pulse rates above 100 were made to lie 
down for varying periods before the final count was made. 


TABLE 2.—AMOUNT OF Bopy DEVELOPMENT 
(In 749 men exhibiting crunch) 


Per cent 
Poor . 3.4 
Fair : 16.6 
Good . ; . 80.0 


TABLE 3.—SrittTina Putse Rate 
(In 733 men exhibiting crunch) 


Rate Per cent 
70 or less 6.2 
71-80 15.0 
81-90 2.8 
91-100 : 39.3 
101-110 5 6 
111-120 6.0 
Over 120 2.4 


Summary. In a little over one-fifth of healthy men (inductees) a 
crunching sound is heard over the lower sternum and the ensiform 
cartilage, accompanying one or both sounds of the heart and occurring 
chiefly during systole. The intensity of this sound is slight in a little 
less than half the cases, moderate in a little more than one-third and 
marked in slightly more than one-fifth. This crunch is confined to 
the sternum and ensiform in a little less than one-fifth of the cases 
and is transmitted to the left in slightly more than four-fifths, being 
heard as far as the apex in slightly less than a tenth of the latter. 

In men the sound apparently bears no relationship to general devel- 
opment or pulse rate. 

Apparently the crunch has no pathologic significance. 

The importance of its recognition lies in its sometimes being regarded 
as an organic or congenital heart murmur or as a pericardial friction. 

Although this sound has been reported on a number of occasions 
from 1819 to the present time, it seldom is referred to in books or 
articles on cardiology, medicine or physical diagnosis and is recognized 
by few clinicians. 
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A HEREDOFAMILIAL NEUROLOGIC DISEASE, RESEMBLING 
CHARCOT-MARIE-TOOTH TYPE OF PROGRESSIVE 
MUSCULAR ATROPHY, IN A CHINESE FAMILY 


3y Masor Catvin F. Kay, M.C. 
AND 


Masor Herpert S. M.C. 
20TH GENERAL HOSPITAL, A.P.O. 689, NEW YORK, N. Y. 


Axsout 100 years ago a bride of the family Ch’iu came to Pi-Shan, a 
village of Szechwan Province in western China. She bore the deformi- 
ties and weaknesses of a disease which in the next 3 generations afflicted 
11 of her 15 descendants who survived infancy. One of these, a 
Chinese soldier, was studied in a United States Army hospital. Our 
information concerning the family history and the general characteris- 
tics of the disease was supplemented by Dr. Chang Kuang-Hua of the 
Chinese National Health Administration, who visited and examined 
the mother and 4 siblings of our patient. 

Family History. (See also a later paragraph.) In this predominantly 
male family (Fig. 1) there was only 1 normal male descendant out of 
12 males born in 3 generations, but 2 of the 3 females were normal. 
The hereditary trait in this family had dominant characteristics with- 
out sex linkage, afflicting and transmitted by both sexes. The progeny 
of the 1 normal descendant who bore children were not diseased. The 
afflicted individuals could usually be distinguished from infancy by 
the presence of a flexion deformity of the hands. At about the age 
of 6 or 7 the children would stumble and fall when they ran. The 
weakness of the extremities was frequently accompanied by a sensa- 
tion of numbness in the distal segments. Some of the individuals were 
moderately subnormal mentally, others were of average or above 
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average intelligence. In the males there was a high incidence of 
impotence. Characteristically the symptoms were worse in winter 
than in summer, and immediate subjective improvement occurred in 
going from a cold to a warm environment. The degree of incapacity 
varied considerably in different individuals, but those with even the 
mildest manifestations were clearly abnormal. 


Died, age 60 


0 oefails No details 


No details No details No details Left — Alive, age 63 o| Died, age 20 Died, age 30 
ve, age 42 


Alive,oge 22 Alive,age 26 Alive, age 34 Alive, age 39 Ali 


\ 5 other children 
died in infancy 
Died, oge 22 Died, age 20 Left home, 
age 16 
Fia. 1 Descendants of the bride of the family Ch’iu. Males indicated by squares, 


females by circles. Afflicted individuals indicated by solid figures. 


In most instances there was little if any progression of the disease 
after childhood. Occasionally, as in our patient, there was an irregular 
progression. Life expectancy did not appear to be greatly influenced; 
at least 3 of the afflicted individuals lived beyond the age of 60 years. 


Case History. Our patient, Wu Fang Lin, aged 34 (Figs. 2 and 3), was 
recognized to be defective as an infant by the continuous flexion of his hands 
when at rest. From childhood he was weak and clumsy, unable to run properly 
or otherwise partake in strenuous games. He learned ‘to read and w rite, and 
thereafter participated in the operation of his parents’ small merchandise shop. 
At the age of 25, he was taken into the Army where he performed camp duties 
adequately but could neither run nor endure long marches. His superiors 
recognized his physical handicap, assigned him to light tasks, and finally, after 
3 years of service, discharged him. He returned to his home and again devoted 
his time to buying and selling and such book work as was necessary in the 
shop. He was again called into the Army in October 1942, then aged 33. 
Although weakness prevented the performance of full duty, he was flown to 
India for training in February 1943. During the following 2 or 3 months his 
symptoms progressed rapidly. By May, when he was admitted to our hospital, 
he was able to walk only with the support of two canes. In addition to his 
veakness, he complained of numbness of his extremities and genitalia. He 
had not had a penile erection in many years. He had noted no sphincter 
listurbances. 


* 
Died, age 60 
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Examination showed no significant abnormalities except those apparently 
related to his disease. He was of average size and intelligence. Except when 
attending to the necessities of life he remained practically motionless and 
expressionless, lying down or sitting propped up in bed. 

Neurologic examination disclosed the following findings: The pupils were 
round and equal; they reacted to light and accommodation. The extra- 
ocular movements were full; there was no nystagmus; the corneal reflexes were 
active. The left palpebral fissure was narrower than the right, but this had 
more the appearance of an asymmetry than a true ptosis. The disks were 
well defined and of good color; there was a patch of medullated fibers on the 
temporal side of the left retinal fundus. The macule and vessels were normal. 
There was no weakness of the muscles of the face, palate or tongue. Pain 
and tactile sensations were normal over the face. 


Fig. 2.—Wu Fang Lin. 


The hands were constantly held with the fingers flexed, but there were no 
contractures; the fingers could be passively extended with ease. The hand 
grips were very feeble; extension of the fingers and of the hands at the wrists 
was very weak. The strength of forearm movements was diminished, of 
shoulder movements well maintained. All movements of the toes and feet 
were extremely weak; there was moderate weakness of movements of the leg 
and thigh. With his arms folded across his chest he was unable to sit up 
from the recumbent position. There was moderate atrophy of the intrinsic 
musculature of the hands and feet, but elsewhere the muscular development 
was within normal limits. There was generalized hypotonia. Due to the 
weakness of the extremities no satisfactory evaluation of synergia or dys- 
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metria could be made. The patient was able to write Chinese characters 
crudely but legibly. 

Biceps, triceps and patellar reflexes were active and equal, the Achilles 
reflexes were diminished. The abdominal and cremasteric reflexes were 
present. There were no pathologic reflexes. His gait was an indescribable 
combination of steppage, ataxia and general weakness, requiring the support 
of a cane in one hand and a fixed object in the other. In the Romberg position 
with the eyes closed the patient would fall. 


Fic. 3.—The patient. Especially note the characteristic position of the hands. 


There was hypesthesia to pin prick and loss of light touch in the distal 
gments of the extremities. Vibration was also lost in the extremities. Sense 
f position was uncertain in the big toes and thumbs. 
Laboratory studies showed no abnormality. These included blood counts, 
inalyses, blood Kahn, spinal fluid examination, nasal smears for leprosy, 
entgen rays of the entire spine, and biopsies from the deltoid and soleus 
iscles. 
He was under observation in the hospital for a period of over 1 year during 
ich time the only change observed was a slight increase in his muscular 
akness. Prostigmine (0.001 gm. hypodermic) produced salivation and 
lominal cramps without otherwise affecting his symptoms. Quinine sulfate 
28 gm.) and potassium citrate (5 gm.) were likewise ineffective. General 
ming of the body produced subjective improvement without objective 
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he mother and 4 siblings of the patient were examined by Dr. Chang 
Kiuang-Hua. The youngest brother, age 22, and the sister, age 43, 
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showed no signs of neurologic disease. The children of the sister were 
not examined, but were said to have been normal. The mother, age 
63 years, had had numbness and weakness and a flexion deformity of 
her hands from early childhood. She had required a cane for support 
from the age of 40, but felt that her symptoms were little if any worse 
than in her childhood. The 2 afflicted brothers, aged 39 and 26 years, 
had similar symptoms. Neither had had a penile erection in many 
years. The mother was of above average intelligence, the afflicted 
brothers were mentally dull and had poor memories. . All 3 had de- 
formed hands, impaired sensations in the extremities and active deep 
reflexes throughout. None had apparent muscular atrophy or hyper- 
trophy. 

Differential Diagnosis. The following diseases were considered in 
differential diagnosis: myasthenia gravis, Friedreich’s ataxia, progres- 
sive muscular dystrophy, spinal muscular atrophy and progressive 
muscular atrophy of the Charcot-Marie-Tooth type. 

Myasthenia gravis was readily eliminated since activity had little 
effect in producing fatigue and rest did not result in improvement; 
this was substantiated by the absence of favorable response to prostig- 
mine or unfavorable response to quinine. Although this disease bore 
a superficial similarity to Friedreich’s ataxia in its hereditary nature, 
muscular weakness and sensory disturbances, the 4 cardinal signs, 
nystagmus, slurred speech, kyphoscoliosis and pes cavus, were missing. 
Progressive muscular dystrophy was eliminated from consideration by 
the distribution of the muscular weakness predominantly in the distal 
segments of the extremities, the presence of sensory abnormalities, and 
the absence of dystrophic changes in the muscle biopsies. The heredi- 
tary nature of this disease, its early appearance and benign course 
eliminated spinal muscular atrophy. 

This hereditary neurologic disease appears to fit into the category 
of the Charcot-Marie-Tooth type of progressive muscular atrophy. 
The early onset of the disease together with its benign nature, the 
predominant occurrence in males, the involvement of the distal seg- 
ments of the extremities and the heredofamilial characteristics of the 
illness all point to this diagnosis. Muscular weakness disproportionate 
to the degree of muscular atrophy is an atypical feature; however this 
syndrome seems to fit better into this category than any of the other 
known heredofamilial neurologic diseases. 

Summary. A case of muscular weakness and atrophy together with 
sensory abnormalities which began in early childhood, occurring in a 
Chinese soldier has been described. A similar affliction was observed 
in his mother and 2 of his siblings. The disease is said to have occurred 
in 11 of 15 descendants of his maternal great-grandmother who suffered 
from the same disease. While this disease does not fit precisely into 
any of the known types of heredofamilial neurologic diseases, it most 
closely approximated the Charcot-Marie-Tooth or neural type of pro- 
gressive muscular atrophy. 
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A STUDY OF THE GOITROGEN, PROMIZOLE,* WITH REFERENCE 
TO THE THYROID, METABOLISM AND THE BLOOD 


By Grorce M. Hiaerns, Pu.D. 
ROCHESTER, MINN. 


From Division of Experimental Medicine, Mayo Foundation) 


EXPERIMENTAL goiter has often been produced in animals that were 
fed diets in which suboptimal intakes of iodine were provided. Organic 
substances in vegetable sources also have proved to be goitrogenic. 
Leaves of plants and seeds of the Brassica family (cabbage, cauliflower 
and broccoli) were potent sources for such thyroid-stimulating fac- 
tors.'*-18.5.26 Likewise soy bean flour contained a factor that proved 
goitrogenic.* Phenylthiocarbamide produced large hyperplastic goi- 
ters.> The thyroid hyperplasia induced by many of these agents, 
however, was prevented by the simultaneous administration of iodine. 
Amounts as low as 2 yg. per day were adequate to prevent the thyroid 
hyperplasia in animals fed soy bean flour. Likewise, experimental 
goiters produced by methyl cyanide!’ or by potassium thiocyanate! 
were inhibited by the simultaneous administration of iodine. 

Kennedy and Purves in New Zealand, however, were unable to 
prevent the hyperplasia of the thyroid that ensued on feeding Brassica 
seeds, by giving iodine in amounts as high as 1000 ug. per day, injected 
in the form of iodide. Thus the thyroid-stimulating effect of this 
factor, concentrated in the seeds of these plants, was unrelated to 
iodine deficiency. Subsequently Purves®® showed that diiodotyrosine 

1.7 mg. per day) only modified the extent of thyroid hyperplasia but 
that thyroxin (3 to 10 ug. daily) completely inhibited these thyroid 
changes. ‘The conclusion was indicated that some factor or factors in 
the seeds inhibited the synthesis of thyroxine, resulting in an increased 
uutput of thyrotropic hormone. Cytologic studies had previously 
shown that the pituitaries of rats fed the Brassica seed diet contained 
nereased percentages of the basophilic cells with hyalinization and 
acuolation and a simultaneously decreased percentage of the acido- 
hilie cells.® 

In this country MacKenzie and MacKenzie," and Astwood, Sulli- 

an, Bissell and Tyslowitz* showed that certain sulfonamide compounds 
nd thiourea-like drugs were likewise goitrogenic and that their thyroid- 
timulating potencies were not inhibited by the co-administration of 
dine. Astwood! identified two chemical groups that depressed thy- 

id function. Those which contained the combination NH-CS:NH 
caused thyroid hyperplasia and those which contained an aniline group, 

certain sulfonamide compounds, likewise were goitrogenic. Such 

iters could be inhibited by thyroxin or desiccated thyroid but di- 

lotyrosine was without any effect. 

Although both groups of goitrogens, namely, the iodine-inhibited 

trogens such as potassium thiocyanate and the iodine-resistant 


Promizole (4,2’-diaminophenyl-5’-thiazolyl sulfone) was made available for this 
lythrough the courtesy of Drs. E. A. Sharp and L. A. Sweet of Parke, Davis & Co. 
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goitrogens such as thiouracil,” produced, when given to rats, extreme 
hyperplasia of the thyroid glands, yet there were marked differences 
in the capacities of the stimulated glands to take up iodine. Using 
tracer doses of radioactive iodine, Rawson, Tannheimer and Peacock” 
learned that the average uptake of iodine by the normal unstimulated 
gland was 56% of the administered dose. Thyroid glands made 
goitrous by potassium thiocyanate took up 87% while those stimulated 
by thiouracil took up 10% of the injected tracer dose of iodine. 

The effect of these goitrogens, thiourea or thiouracil, it is agreed, 
is on the thyroid cells where a functional thyrostasis, inhibiting forma- 
tion of thyroxine, has occurred. In the rat, the drug appears to inter- 
fere with the incorporation of iodine into diiodotyrosine and into 
thyroxine by the thyroid cell. Astwood and Bissell? have shown that 
thiouracil induced a nearly complete depletion of iodine from the 
thyroid gland, a result that was nullified by administration of thyroxin. 
The thyroid hyperplasia that ensued on giving the drug was the result 
of thyrotropic stimulation. But Astwood and Bissell? showed that 
the injection of large amounts of this pituitary hormone caused but a 
relatively small loss of thyroid iodine. Iodine concentrations in the 
thyroid gland proved to be a function of the amounts of thiouracil 
administered to the animal. 

Basal oxygen consumption declined by 10% in 5 to 7 days and by 
20% in 10 to 14 days in animals that were made goitrous by adding 
sulfaguanidine to their diet. Prolonged feeding of the drug reduced 
the basal metabolic rate to thyroidectomy levels but its withdrawal 
from the diet resulted in a prompt return of the basal metabolic rates 
to normal levels. 

In addition to certain sulfonamide compounds and thiourea-like 
derivatives the sulfone, promizole (4,2’-diaminophenyl-5’-thiazoly] 
sulfone) has been shown to be goitrogenic."". Feldman, Hinshaw and 
Mann* learned that this sulfone exerts a very favorable influence on the 
course of experimental tuberculosis in guinea pigs. The changes 
exerted by the drug on the thyroid gland are not unlike those induced 
by the previously described goitrogens and include increases in the 
acinar cell heights, in the number of thyroid acini and in the total 
gland weights and destruction and final disappearance of the colloid 
bodies from the thyroid acini. 

This report is a summary of additional studies of the effects of 
promizole on the thyroid and pituitary glands, on consumption of 
oxygen and on the formed elements of the blood. 


Method. Immature rats weighing from 60 to 80 gm. have been used 
Purified diets were provided in small ointment cups with covers so adapted 
as to restrict waste of food. The diet was as follows: sucrose, 74%; purified 
vitamin-free casein, 20%; corn oil (Mazola), 4°; Osborne-Mendel salt mix- 
ture, 2°%. Cod-liver oil was provided by mouth weekly and 1 cc.* of a mixture 
of the vitamin B fractions was given daily by catheter. On this diet ou 
control rats grew satisfactorily and their growth curves were normal. 

* Each cc. contained 100 ug. of thiamine, 200 ug. of riboflavin, 100 ug. of pyridoxin 


200 ug. of pantothenate, 1 mg. of niacin and 10 mg. of choline chloride. These vitamir 
were courteously provided me by Merck & Co., Rahway, N. J. 
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tered in various ways. Suspensions in distilled water 


y the intraperitoneal route. Varying 


‘n, ranging from 5 to 25 mg. per rat per day. When 
‘roid or sodium iodide was given 
the drug, it was provided as follows: 


desiccated thyroid, 0.25°% in the diet; 
that each rat received 100 x 


concomitantly with 
thyroxin, 50 yg. daily, intraperitoneally ; 

sodium iodide, intraperitoneally, so 
g. of iodine daily. 


¥ 


l Sections of thyroid 
A, Control thyroid 
l after 3 daily injections. 


1 after 10 daily injections. 


glands of young rats that received 


25 mg. of promizole 
B Thyroid gland after 2 daily injections. C, Thyroid 
D, Thyroid gland after 7 daily injections. E, Thyroid 
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Data on oxygen consumption were obtained by means of a closed circuit 
apparatus attached to a Krogh spirometer.’ Three successive readings were 
taken on animals following a 16 to 20 hour fast and the number of calories 
per square meter per hour was computed. The formula of Lee (S.A. = 
12.54 & W 0.60)" was used to compute the surface area from the body weight. 

Animals were weighed at intervals on a dietitian’s scale. At necropsy the 
thyroid glands were quickly dissected from the trachea, freed of connective 
tissue, weighed on a precision balance to 0.1 mg., fixed in formalin and pre- 
pared for histologic study. Likewise the pituitaries were removed and 
weighed and in some instances histologic sections were prepared. 

Hematologic determinations were made on heparinized samples of blood 
withdrawn from the heart. The total number of erythrocytes and the total 
number of leukocytes per c.mm. of blood were determined. The grams of 
hemoglobin per 100 cc. of blood, the size of the red cells in cubic microns and 
the differential leukocyte distributions were determined, using standard 
techniques. 

In many instances promizole concentrations in the blood were obtained on 
samples taken by cardiac puncture. Determinations were made, using the 
modified Marshall technique,‘ employing the Sheard-Sanford photelometer 
for colorimetry. 


Results. I. The Effect of Giving 25 Mg. of Promizole Daily, Intra- 
peritoneally, to Young Male Rats for 10 Days. The weights of the ani- 
mals and of their thyroid gland and pituitary gland are shown in Table 1. 
The histologic appearance of the thyroid glands is shown in Figure 1. 
All animals failed to gain in weight after the 3rd day. There were 
some anorexia and considerable alopecia. Increases in the weights of 
the thyroid glands were not significant until the 3rd day but by the 
10th day the glands had approximately doubled in size. No significant 
changes were observed in the absolute or relative weights of the pitu- 
itaries during the 10 day period (Table 1). The initial effect on the 
histologic structure of the thyroid involved changes in the colloid 
bodies (Fig. 1). On the 3rd day, colloid bodies were fragmented and 
significant increases were observed in cell heights. By the 7th day 
colloid bodies had essentially disappeared and on the 10th day exten- 
sive hyperplasia of the thyroid cells had practically obliterated the 
lumina of the thyroid follicles (Fig. 1). 


TABLE 1.—Errects or Givinc Promizo.e (25 Ma. Dairy, INTRAPERITONEALLY) FOR 
10 Days ON THE WEIGHTS OF THE THYROID AND PiTuITARY GLANDS 


Thyroid gland (mg.) Pituitary gland (mg.) 


Elapsed Attained - - 

time body weight Per 100 gm. Per 100 gm. 

Injections (hrs.) (gm.) Absolute body weight Absolute body weight 
0 0 72 6.5 8.9 3.3 4.5 
2 48 75 6.9 9.2 3.1 2 
3 72 82 9.6 11.8 3.1 3.9 
ry 168 74 11.3 5.6 2.5 3.9 
10 240 61 12.8 20.9 2.6 2 
0 240 104 7.9 7.6 3.3 3.1 

Il. The Effects of Giving Thyroxin, Desiccated Thyroid and Sodium 


Iodide, While Giving Promizole (25 Mg.) Daily for 14 Days. Sixty 
young rats having an average weight of 62 gm. were placed on the puri- 
fied diet. Forty of these received 25 mg. of promizole by mouth daily, t 
10 received the same amount intraperitoneally and 10 were given 
water without promizole and served as controls. Of the 40 animals 
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that received promizole by mouth, 10 animals received in addition 
50 ug. of thyroxin daily, 10 animals received desiccated thyroid at a 
0.025% level in their diet, 10 animals received sodium iodide in an 
amount equivalent to 100 ug. of iodine daily and 10 animals received 
promizole alone. Observations continued for 14 days. 


A B 
Fic. 2.—Gross appearance of thyroid glands of animals that received 14 daily injec- 
tions of promizole. A, Promizole alone. B, Promizole when co-administered with 


thyroxin. C, Promizole when co-administered with sodium iodide. 


A B 
Fic. 3.—Histologic appearance of thyroid glands of animals that received 14 daily 
njections of promizole. A, Promizole plus thyroxin. B, Promizole plus sodium iodide. 


The gross appearance of the thyroid glands of animals that received 
he goitrogen alone, and of those of animals that received thyroxin or 
odium iodide, together with the goitrogen, is illustrated in Figure 2. 
lhe differences in the cytologic appearance of the thyroids of animals 
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that received thyroxin with the goitrogen and those that received 
sodium iodide with the goitrogen are shown in Figure 3. 

The data assembled on the body weights of these animals and the 
weights of their thyroid glands and their pituitary glands, together 
with their probable errors, are included in Table 2. It is obvious from 
the data that the co-administration of either thyroxin or desiccated 
thyroid completely inhibited the goitrogenic action of promizole. 
Fifty ug. of thyroxin was, of course, greatly in excess of the daily 
requirement of a rat but attempts were not made to determine the 
minimal amounts necessary to inhibit the goitrogenic action of promi- 
zole. The addition of sodium iodide at such a level that 100 yg. of 
iodine was given daily proved ineffective in restricting the goitrogenic 
action. In fact, both the absolute weights and the relative weights of 
the thyroid glands of these animals that received iodine were signifi- 
cantly greater than those obtained when animals were given promizole 
alone (‘Table 2). 


PaABLE 2.—Errects or Givinc PromizoLe (25 Ma. Dairy) For 14 Days AND THE 
INFLUENCE ON THE THYROID AND Pirurrary GLANDS OF GIVING THYROXIN, 
DESICCATED THYROID OR Sopium IODIDE AT THE SAME TIME 


Thyroid gland (mg Pituitary gland (mg. 


Attained Per Per 
Route of ad- Supple body 100 gm 100 gm. 
ministration mental weight body body 
of promizole therapy Animals (gm.) Absolute weight Absolute weight 
0 0 10 13.6+0.7* 16.8+1.2 3.320.2 3.90.2 
Oral 0 10 99 30.1+3.9 29.6 3.9 4.8+0.3 4.8+0.2 
Intraperitoneal 0 10 104 42.422.6 40.2=+1.9 ».4+0.2 5.2+0.2 
Oral t 10 77 10.4+0.7 13.3+0.7 3.7+0.1 4.8+0.2 
Oral 10 62 8.8+0.5 14.1+0.9 3.1+0.1 4.90.2 
Oral § 10 98 48.8+3.3 50.5+4.0 4.7+0.2 4.8+0.2 


Figures following each + sign are probable errors of the mean. 
rhyroxin, 50 ug. daily, intraperitoneally. 

Desiccated thyroid, 0.025% in the diet. 

Sodium iodide, 100 ug. of iodine daily as sodium iodide, subcutaneously) 


These thyroid changes were accompanied in this series of animals by 
increases in the weights of the pituitary glands of all animals that 
received the goitrogen alone and those that received the goitrogen 
plus iodine. But the weights of the pituitaries recorded for animals 
that received thyroxin or desiccated thyroid together with the goitro- 
gen were no greater than in untreated controls. However, because 
of the loss of body weight of all animals receiving thyroid hormone 
the ratios of the weights of their pituitaries to their body weights 
were considerably greater than those of the untreated controls. Thus 
the co-administration of iodine, which did not restrict the thyroid 
hyperplasia, likewise did not restrict the increases of pituitary weight 
observed when animals received the goitrogen alone (‘Table 2). 

III. The Influence of Sex on the Thyroid and Pituitary Changes That 
Were Induced by Giving Promizole, 25 Mg. Daily, to Adult Rats. Al- 
though immature rats are known to be more susceptible to the action 
of goitrogens than adults, a study was made of the influence of the 
sex factor on the changes induced by promizole in adult rats. For 
this study our standard laboratory rat ration was provided ad libitum. 
A group of 16 males weighing an average of 165.8 gm. and a group of 
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16 females weighing an average of 130.4 gm. were selected. Half of 
each group were given 25 mg. of promizole, in a water suspension, by 
mouth daily and the other half served as a control group. Observations 
were continued for 3 months. 

‘The data on the body weights of these animals and on the absolute 
weights and relative weights per 100 gm. of body weight of their 
thyroid and pituitary glands are condensed into Table 3. It is obvious 
that the goitrogen had no significant effect on the further growth of 
these adult rats during the 3 month test period. In each sex, the 
average attained body weight of the test group of animals was less 
than that of its control group; yet the differences were not statistically 
significant. ‘The reactions of the thyroid gland to the goitrogen, 
however, were much greater in the females than in the males, attaining, 
in the former sex an average thyroid gland weight that was nearly 
twice that which developed in the males. Sex differences in the 
increases in the weights of the pituitary glands were likewise observed. 
In the males, the mean pituitary gland weight of the test group was 
|.2+0.4 mg. greater than that of the control group; this is perhaps a 
barely significant increase. But in the female group of rats this same 
difference was 2.40.6 mg. and indicates that the pituitaries of the 
test females were significantly larger than those of control females. 
This increase in the size of the pituitary may bear some relationship 
to increased hyperplasia of the thyroid glands in test females. 

3.—Errects oF Givinc PromizoLte (25 Ma. Datty, By Moutnu) To ADULT 
Mate anD FeMaALE Rats FoR 3 


mizole Attained Thyroid gland (mg.) Pituitary gland (mg.) 
istered body 
weight Per 100 gm Per 100 gm. 
Sex mg gm.) Absolute body weight Absolute body weight 
Male 0 233 .0+8.1* 12.4207 54203 6120.1 2.6+0.2 
Male 25 203 .5+9.8 32.1+3.1 16.7422 73204 3820.3 
Female 0 153 .4+4.1 11.3+0.3 7.4+03 7.0+0.2 4.6+0.2 
Female 25 145. 7+5.1 61.2+5.7 41.823.3 9.4206 6420.3 
* Figures following each + sign are probable errors of the mean. 


All test animals, males and females, received by mouth the same 
amounts of the goitrogen each day. But since the mean body weight 
of the animals constituting the female test group was less, by 57.8 gm., 
than that of the male test group, the increased weights of the thyroid 
gland and pituitary gland found in females may be due to greater 
drug concentrations in the blood. In the females, the average con- 
centration of the goitrogen at the end of the experiment was 1.03 mg. 
per 100 ce. of blood while in the males it was 0.33 mg. per 100 ce. 
That there may be a real sex difference is indicated by the work of 
\lixner, Reineke and Turner,!® who reported that female chicks exhib- 
ted a greater thyroid response to thiouracil than males and that 
females required greater amounts of thyroxin to depress thyroid 
veights or to maintain them at normal levels than males. 

Although promizole exerts certain toxic and untoward influences on 

he hemopoietic system of growing rats, significant differences were not 
‘bserved between the data assembled on the formed elements of the 
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blood of animals constituting the test and control groups. These data 
are not presented in tabular form but are included for comparison. 
Among the females, the control group had a mean erythrocyte level of 
9,090,000 cells per c.mm. of blood, a hemoglobin level of 14.3 gm. per 
100 ee. of blood and 10,950 leukocytes per c.mm. of blood. The data 
for the test group were respectively 9,000,000 red blood cells, 13.5 gm. 
of hemoglobin and 13,050 leukocytes. Among the males, the cor- 
responding data of the control group were as follows: 8,950,000 red 
blood cells, 15.9 gm. of hemoglobin and 16,050 leukocytes. The data 
on the test group were 8,660,000 red blood cells, 13.2 gm. of hemo- 
globin and 13,150 leukocytes. It was obvious that neither anemia nor 
leukopenia had occurred. Alopecia, common among immature rats 
when this goitrogen is fed to them, did not occur in adults. 

IV. The Effect on the Formed Elements of the Blood of Growing Rats, 
of Giving Promizole, 25 Mg. Daily, for 10 Weeks. Twenty-five young 
male rats, having an average body weight of 54.4 gm., were selected. 
The high carbohydrate purified ration was provided ad libitum. Promi- 
zole, 25 mg. suspended in water, was given orally, each day except 
Sunday, to 15 of the 25 rats for the following 10 weeks. The remaining 
10 rats received an equivalent amount of water each day; these served 
as controls. 

The data assembled from blood samples obtained by cardiac punc- 
ture at the end of the 10th week have been condensed into Table 4. 
It is obvious that in the growing rat fed a purified diet, entirely suit- 
able for normal growth and hemopoiesis, anemia developed when the 
animal was given promizole at a level of 25 mg. daily. There were no 
changes observed in the total number of leukocytes. Although clini- 
cally, granulocytopenia had been observed, the differential percentage 
distribution recorded for this series of rats showed a marked increase 
in the relative number of granulocytes. This, it would seem, is prob- 
ably correlated with a hemopoietic response to the tissue damage which 
was exerted by the drug. 


TABLE 4.—THE EFFECTS ON THE FORMED ELEMENTS OF THE BLOOD OF GIVING 
PrRoMIzoLE (25 Ma. Dairy, By Moutu) ror 10 


Control Test 

Animals. . . . 10 15 
Promizole daily, mg. 0 25 
Erythrocytes: 

Millions per c.mm. 9.6+0.3* 6.9+0.2 

Size in cu. 42.1+0.5 49. 8+0.8 
Hemoglobin, gm. per 100 ce. 15.9+0.5 12.1+0.2 
Leukocytes, thousands per c.mm. 16.2+1.0 18.8+1.4 
Reticulocytes, % of erythrocytes 3.9+0.7 14.8+2.2 
Lymphocytes 85.5+1.6 71.0+1.9 
Monocytes . 1.0 1.1 
Granulocytes: 

Neutrophilic 12.0+1.4 26 .7+1.9 

Eosinophilic ; 0.8 0.5 

Basophilic j 0.7 7 


* Figures following each + sign are probable errors of the mean. 


V. The Effects of Giving Graded Amounts of Promizole, 5, 10 and 
15 Mg. Daily, Intraperitoneally, for 6 Weeks to Young Growing Rats. 


nd 
ts. 
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Forty young male rats, weighing between 80 and 90 gm., were selected. 
They were fed the purified high carbohydrate diet and each received 
the vitamin fractions in amounts previously stated. Ten of these 
received 5 mg. of promizole intraperitoneally daily in 1 ce. of distilled 
water, 10 received 10 mg. daily, 10 received 15 mg. daily and 10 re- 
ceived an equivalent amount of distilled water. The latter group of 
10 rats constituted the control group. Observations were continued 
for 6 weeks. Water intake per rat per day was measured during the 
3rd week of the test. The amount of food consumed was measured 
each day, during the 2nd, 3rd, 4th and 5th week. The oxygen con- 
sumption was recorded for each rat in these groups at the end of each 
week of the experiment. Heart blood was sampled at the end of the 
6th week and the various determinations were made. At necropsy 
the weights of the thyroid and the pituitary glands were obtained and 
values proportional to their body weight were established. 

(a) Water Intake. Animals receiving 15 mg. of the goitrogen daily 
took the largest amounts of water. The average daily intake per rat 
during the week in which measurements were made was 18.5 cc. for 
the control group, 20.2 cc. for those receiving 5 mg. daily, 19.3 ce. 
for those receiving 10 mg. daily and 32.9 ce. for those receiving 15 mg. 
daily. 

(b) Food Intake and Body Weight. Varying the amounts of the 
goitrogen given daily had considerable influence on the volume of food 
taken each day. During the 4 weeks, when daily measurements of 
food consumed were recorded, each control animal consumed from 
12 to 16 gm. of food daily. The average intake per rat per day of 
those receiving 5 mg. was 14.4 gm., of those receiving 10 mg. the 
intake was 10.8 gm., and of those receiving 15 mg. the intake was 
10.5 gm. of food per day. Thus the drug exerted some influence on 
appetite, which was reflected in the attained weights of these animals. 
During the test period (6 weeks) the average gain per control rat was 
120 gm. or 20 gm. per week. The average weekly gains in body 
weight recorded for the 3 test groups, receiving 5, 10 and 15 mg. of 
promizole daily were respectively 17.2 gm., 11.3 gm. and 7.5 gm. 
Although the food intake per rat per day of those receiving 15 mg. 
was essentially as much as that of those receiving 10 mg. of the drug, 
yet the increase in body weights of the animals in that group was 
significantly less. The drug may, in some way, restrict the action of 
enzymes in the gastro-intestinal tract so as to inhibit absorption and 
adequate utilization of the food consumed. 

(c) The Formed Elements of the Blood. The blood data were con- 
densed into Table 5. The administration of 5 mg. per day for 6 weeks 
did not significantly alter either the mean total erythrocyte count or 
the mean hemoglobin level, although the trend was down. Ten or 
15 mg. of promizole per day proved more toxic, so that significant 
reductions in these categories were obtained in these groups. The 
total leukocyte tabulations were lowered and yet not significantly so 
except in Group II, receiving 10 mg. per day. Obviously leukopenia 
had not been produced. The data on the percentage distribution of 
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the white cells (Table 5) indicate, too, that granulocytopenia did not 
occur. On the contrary, the percentages of granulocytes found in the 
blood of all 3 test groups were significantly higher than in the control: 
a result, it would seem, probably due as before to the toxic influences 
which the drug had exerted on the tissues. 

TaBLeE 5.—TuHe Errect ON THE FORMED ELEMENTS OF THE BLOOD OF GIVING 


GRADED Doses OF Promizo_e (5, 10 anp 15 Moa. Datry) INTRAPERI- 
TONEALLY FOR 6 WEEKS 


Group 
Control rest I Test Il Test III 

Animals 10 10 10 10 
Promizole daily, mg. 0 5 10 15 
Erythrocytes 

Millions per ¢.mm., 8 0+0 2* 7.1+0 8 6.7+0 1 6 0+0.1 

Size in cu. 48. §+1 §2.¢#1.2 17. 5+0 9 50 0+0.2 
Hemoglobin, gm. per 100 cc. blood 12 8+0.2 11.7+0.5 10 0+0.4 9 0+0 4 
Leukocytes, thousands per ¢.mm. 15.4+0 7 12.71.0 9.1+0.9 12.8+0 8 
Lymphocytes 81.9+0 9 69.6+2.8 60.5+2.5 
Monocytes 0.7 1.4 1.0 2.5 
Granulocytes 

Neutrophilic 154209 28 3+0.3 41.1%4 4 37.0+2.7 

Eosinophilic 1.9 0.3 0 ft) 

Basophilic j 0.1 0.4 0 0 


* Figures succeeding the + sign are probable errors of the mean. 


(d) The Weights of the Thyroid and Pituitary Glands. Data on the 
absolute weights and weights per 100 gm. of body weight of the thyroid 
and pituitary glands have been condensed into Table 6. It seems 
obvious that the proportional increase in the daily administration of 
promizole induced somewhat proportional increases in the mean of 
the absolute weights of the thyroid glands. This fact is reflected, too, 
in the increases in their relative weights. 

TaBLeE 6.—THE Errect ON THE THYROID GLAND AND Pitrurrary GLAND WEIGHTS OF 


Grvinc GrRaDED Doses or Promizoue (5, 10 anp 15 Moa. Datty) 
INTRAPERITONEALLY FOR 6 WEEKS 


Thyroid gland (mg.) Pituitary gland (mg.) 

Promizole 

daily Per 100 gm Per 100 gm. 

Group Animals mg.) Absolute body weight Absolute body weight 
Control 10 0 10.2+0. 6* 6.1+0.3 69+03 4.20.6 
Test I 10 5 16.9+0 2 8.5+0.4 8.1+0.2 4.1+0.2 
Test II 10 10 38.2+0.3 24.5=+1.8 8.9+0.3 5.7+0.2 
Test III ;. 15 54.0+0.4 38.1+2.0 8.3+0.8 7.0+0.2 


* Figures succeeding each + sign are probable errors of the mean. 


The pituitary glands of the test animals were all larger than those of 
the controls and yet there were no significant differences between the 
average weights of these glands of the 3 test groups. In other words, 
increasing the amounts of the drug, which did significantly increase 
the weights of the thyroid gland, did not further increase the weights 
of the pituitary glands. 

Sections of the thyroid glands of these groups of animals are shown 
in Figure 4. There were a progressive increase in the heights of the 
acinar cells and a progressive destruction of the colloid bodies in the 
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thyroid glands of these animals as the amounts of the goitrogen were 
increased. 

(e) Concentration of Promizole in the Blood Stream of Animals Receiv- 
ing 5, 10 and 15 Mg. Daily for 6 Weeks. The following data on the 
concentration of the goitrogen in the blood stream were obtained from 
samples of heart blood withdrawn 24 hours after the drug was last 
administered. Determining the concentration at that time, that is, 
just before an ensuing administration, gave the probable minimal con- 
centration in the blood. Data thus obtained indicated that 24 hours 
after the third daily administration there was a promizole concentra- 
tion of 1.2 mg. per 100 ce. of blood in animals receiving 5 mg. of the 
drug daily, 1.7 mg. per 100 ce. in those receiving 10 mg. and 2.9 mg. 
per 100 cc. in the blood of those animals receiving 15 mg. daily; 24 hours 


1 B Cc D 
Fic. 4.—Histologie appearance of thyroid glands of animals that received promizole 
for 6 weeks. <A, Thyroid of a control animal. B, Thyroid of an animal that received 


5 mg. daily. C, Thyroid of an animal that received 10 mg. daily. D, Thyroid of an 
animal that received 15 mg. daily. 


after the tenth daily administration of promizole, the blood concentra- 
tions of the respective groups were 1.7, 2.2 and 3 mg. per 100 ce. 
Twenty-four hours after the 14th day the concentrations were 1, 1.4 
and 2.3 mg. per 100 ce. respectively. After the 21st day, they were 
respectively 0.8, 1.1 and 1.4 mg. per 100 cc. After the 10th day the 
blood concentrations were progressively less, in spite of the fact that 
the daily administration of the goitrogen was constant in amount 
within each group. 

In a second series of 36 animals an attempt was made to determine 
the rapidity of absorption of promizole and the rate of its elimination 
from the body. Twelve young rats were given, by mouth, 5 mg., 
12 were given 10 mg. and 12 were given 15 mg. One hour later the 
‘oncentrations of the goitrogen in the blood were as follows: in animals 
receiving 5 mg., 1.6 mg. per 100 cc.; in those receiving 10 mg., 2 mg. 
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per 100 cc.; and in those receiving 15 mg., 3.3 mg. per 100 cc. At 
3 hours after giving the drug, the respective concentrations were 1.8, 
1.1 and 3.4 mg. per 100 cc., and at 6 hours, the respective concentra- 
tions were 0.3, 0.3 and 0.5 mg. per 100 cc. Barely a trace of the 
goitrogen was present in the blood of all 3 groups of animals 24 hours 
after the drug had been given a single time. 

(f) The Basal Metabolic Rates, Expressed in Calories per Square Meter 
per Hour, of Animals Receiving Graded Amounts of Promizole Daily. 
Using the method previously described,> the oxygen consumption of 
these rats, receiving graded doses of promizole, was computed at the 
end of the Ist, 2nd, 3rd, 4th and 6th weeks. The data are condensed 
into Table 7. Calories per square meter per hour in the group of rats 
that did not receive the goitrogen were relatively constant during the 
entire 6 weeks period of the test. Basal metabolic rates of rats receiv- 
ing 5 mg. of the goitrogen had dropped to —10.8% at the end of the 
6 weeks period, the rates of those receiving 10 mg. had dropped to 
—23.5% and the rates of those receiving 15 mg. had dropped to 
—25.4%. Even within the lst week of the administration of promizole 
these respective rates had dropped to —6.8, —7.2 and —14.5%, 
respectively. This prompt depression of the basal metabolic rates 
of rats fed promizole is in keeping with the experimental results 
obtained when sulfaguanidine was fed to rats and with clinical 
observations as well.!. Although our data on the consumption of 
oxygen by rats made goitrous by promizole clearly indicate reductions 
of the basal metabolic rates, yet there was extreme variability. Ani- 
mals with extreme hyperplasia of the thyroid gland had rates well 
within the normal range. It may be that promizole does not completely 
block the synthesis of thyroxine. Whitehead?’ showed that the oxygen 
consumption of rats that were fed the goitrogenic Brassica seed diet 
and had extremely hyperplastic goiters was well within the limits 
accepted for normal for animals of the same weight and sex. 


TABLE 7.—CALORIES PER SQUARE METER PER Hour CoNnsuMED BY Rats RECEIVING 
GRADED Datty AMOUNTS OF PROMIZOLE FOR 6 WEEKS 


Promizole 
daily 
(mg.) 1 week 2 weeks 3 weeks 4 weeks 6 weeks 
0 ; 65.9#1.2% 55.222.2 50.5+0.9 59.2+1.2 57.4+1.6 
5 §2.121.7 50.3+2.9 48 .6+2.2 49.1+2.5 50.5+1.4 
10 §1.7+#1.4 38.8+1.4 48.9+1.2 45.9+1.4 43.9+1.4 
15 ‘ 47.8+1.5 42.0+0.9 42.3+1.7 42.9+1.5 42. 8+1.6 


* Figures succeeding the + sign are probable errors of the mean. 


Comment. Promizole (4,2’-diaminophenyl-5’-thiazolyl sulfone) caused 
thyroid hyperplasia in rats and may be considered a goitrogen, compar- 
able in its thyroid-stimulating effects to thiourea, thiouracil or sulfa- 
guanidine. As in the cases of goiters produced by the thiourea deriva- 
tives or sulfonamide compounds, goiters produced by promizole were 
not inhibited by iodine but were inhibited by the co-administration of 
either thyroxin or desiccated thyroid. Thus promizole may be con- 
sidered as a thyroid inhibitor which in some way nullified the synthesis 
of thyroxine by the thyroid cell. 
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The effect on the thyroid gland of these thyroid-inhibiting goitrogens 
is apparently mediated through the pituitary. When animals had been 
previously hypophysectomized goiters did not develop when thiouracil 
or sulfaguanidine was given and comparable results were obtained when 
promizole was given to such animals.” The stimulation of the thyroid 
is apparently due to an increase in the output of thyrotropic hormone 
by the pituitary. Mackenzie and Mackenzie have described the 
increases in the relative proportions of basophilic cells in the pituitary 
glands of animals made goitrous by sulfaguanidine. My colleagues 
and I have observed definite increases in the weights of most of the 
pituitary glands of animals made goitrous by giving promizole. This 
weight response, however, is by no means constant and these weight 
increases did not appear to correlate with the increase in the weights 
of the thyroids. In the few sections of the anterior lobes that we have 
studied, the proportions of the large, vacuolated, basophilic cells, the 
so-called thyroidectomy cells, were apparently increased. Actual cell 
counts were not made. Increasing the daily intake of promizole pro- 
duced larger goiters but the absolute weights of the pituitary glands 
in animals receiving 15 mg. daily were no greater than in those which 
had received 5 mg. daily. There appeared to be an increase after 
14 days in the weights of the pituitaries when 25 mg. of promizole was 
given but this may or may not be correlated with hyperplasia or 
hypertrophy of the basophilic cells in the anterior lobe. Williams, 
Weinglass, Bissell and Peters®* reported that the pituitary glands of 
animals receiving thiouracil were smaller than normal. They could 
not detect any changes in the microscopic structure of these glands, 
such as has been described, and such as occurs after thyroidectomy. 

Using the rate of metamorphosis of Rana pimens larve as a test for 
the presence of thyrotropin in the pituitary gland and blood serum of 
rats made goitrous by thiourea, Gordon, Goldsmith and Charipper® 
concluded that the amounts of thyrotropic hormone in the gland and 
in the serum were less in test animals than in controls. ‘They expressed 
the belief that the release of thyrotropic hormone from the pituitary 
into the blood stream is greater in test animals than in controls but 
that the hormone is more rapidly picked up and utilized by the enlarg- 
ing goiter. On the other hand, using the thyroid glands of guinea pigs 
as test objects, Griesbach and Purves! showed that the serum of rats 
having greatly hyperplastic thyroid glands was significantly enriched 
in thyrotropic activity when compared with serum of control rats. 
The thyrotropic content of the pituitary was depleted but the per- 
centage of basophilic cells was increased. The changes observed by 
Griesbach and Purves as a result of feeding a rapeseed diet are an 
increase of thyrotropin in the serum, a decrease of pituitary thyro- 
tropin, an increase of the number and activity of the basophilic cells 
and a degranulation of the acidophilic cells. 

The effect of these goitrogens on the thyroid gland is presumably 
due to restrictions in the utilization of iodine and in the consequent 
synthesis of thyroxine. The use of radioactive iodine has afforded 
reliable means for study of the changes that such goitrogens exert on 
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thyroid physiology. Rawson, Tannheimer and Peacock” showed that 
goiters induced by potassium thiocyanate took up 87% of tracer doses 
of radioactive iodine, while those induced by thiouracil took up but 
10%. This was true in spite of the fact that the thyroids in thiouracil- 
treated rats were even more hyperplastic than those in the thiocyanate- 
treated animals. Franklin, Lerner and Chaikoff? showed that the 
thiouracil-stimulated thyroids were unable to concentrate radioactive 
iodine to the extent of the normal glands and that the amounts of 
iodine converted into thyroxine and diiodotyrosine were depressed in 
stimulated glands. But after administration of the drug had been 
stopped, normal concentrations of iodine were obtained in the thyroids 
in 2 weeks. Astwood and Bissell? showed that iodine practically dis- 
appeared from the thyroid glands when thiouracil was given to young 
rats but within 8 days after administration of the drug had been 
stopped there were a rapid accumulation of iodine and a prompt 
decrease of the size of the thyroid glands. They showed, too, that 
graded doses of thiouracil resulted in proportional increases of the 
weight of the thyroid gland and of the thyroid iodine concentrations 
and that the iodine concentrations in the thyroid were more delicate 
indications of reactions to thiouracil than the weights of the glands. 
Our own studies on the capacity of the promizole-stimulated thyroid 
gland to take up radioactive iodine are still incomplete. These data 
will be presented in a subsequent report. 

The depression of the basal metabolic rates that my colleagues and 
I have ordinarily obtained in most of our animals given promizole con- 
firms the observations hitherto reported on animals made goitrous by 
either sulfaguanidine or thiouracil. This fall of oxygen consumption 
leads us to conclude that promizole in some way may interfere with 
formation of thyroxine. Whereas the administration of thyroxin will 
inhibit the fall of metabolic rate, yet there is now no evidence to prove 
that the synthesis of thyroxine is completely inhibited by the promizole- 
stimulated thyroid. The results of our studies on oxygen consumption 
were often variable. Animals with extreme hyperplasia of the thyroid 
gland have been found to have basal metabolic rates that are well 
within the normal range. In these instances one is led to postulate 
the conclusion either that some thyroxine is being released by the 
promizole-stimulated thyroid or that there may be sites other than 
the thyroid for the synthesis of the thyroid hormone. Whitehead?’ 
was unable to demonstrate any depression of the basal metabolic rates 
of animals made goitrous by the rapeseed diet and he concluded that 
the hypertrophied thyroid still secreted enough hormone for the needs 
of the body. 

Conclusions. 1. The administration of promizole to young rats 
results in changes in the thyroid glands that resemble those induced 
by thiourea-like compounds and certain sulfonamide compounds. 
These changes include extreme increases in cell heights, complete loss 
of colloid and extreme hyperplasia, with the formation of new acini in 
the walls of preéxisting acini and large increases in the weights of the 
thyroid glands. These changes are proportional to the daily amounts 
of promizole administered. 
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2.°Slight, but real, increases of the weights of the pituitary glands 
were usually observed. These increases, however, were not correlated 
with increases in thyroid gland weights and the conclusion that these 
increases were due to any hyperplasia of the basophilic cells in the 
anterior lobe or to increases in the thyrotropic hormone content was 
not demonstrated. 

3. A decrease of the basal metabolic rates occurs in most animals 
made goitrous by promizole and the extent of depression of these rates 
was usually related to the degree of hyperplasia and to the loss of 
colloid from the thyroid acini. 

t. Withdrawing promizole from the animals resulted in a recovery 
of the normal thyroid patterns and an elevation of the metabolic rates. 
Recovery, however, was not as rapid as that from effects of certain 
other goitrogens, for even 4 weeks after removal of the drug, normal 
cell colloid patterns were not restored. 

5. These changes induced by promizole may be inhibited by giving 
thyroxin or desiccated thyroid but they are not inhibited by the 
administration of iodine. ‘The conclusion seems indicated that promi- 
zole may interfere with the utilization of iodine by the thyroid and 
thus prevent the synthesis of thyroxine. 

6. Promizole exerts an untoward effect on the hemopoietic system. 
Anemia, with lowered numbers of erythrocytes and concentrations of 
hemoglobin, was induced in young rats by amounts of the drug as 
low as 10 mg. Such changes were not observed to occur in adult rats 
that received 25 mg. daily. 

7. Leukopenia and granulocytopenia were not induced in our animals 
by the amounts of the drug administered. 

8. The drug induced considerable alopecia in growing animals fed 
purified diets, which did not occur in adult animals. Alopecia can 
be largely prevented by a dietary factor. 
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INTERFERENCE BETWEEN INACTIVE AND ACTIVE VIRUSES 
OF INFLUENZA* 


Ill. CROSS-INTERFERENCE BETWEEN VARIOUS RELATED AND 
UNRELATED VIRUSES 
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GERTRUDE HENLE, M.D. 
PHILADELPHIA, PA. 


(From the Department of Pediatrics, School of Medicine, University of Pennsylvania, 
and the Children’s Hospital of Philadelphia) 


In preceding papers it was shown that inactive influenza virus may 
interfere with the propagation of the homologous active agent in the 
allantoic cavity of the chick embryo.®:7;5 When dialyzed allantoic 
fluids containing high titers of influenza virus were inactivated by 
ultraviolet irradiation for short periods of time and then injected either 
simultaneously with or at varying times prior to the administration of 
the active agent, no multiplication of virus took place during an incu- 
bationary period extending over 2 to 4 days. The allantoic fluids 
harvested from such eggs failed to agglutinate chicken red blood cells 
and were infective for the chick embryo only in low dilution. This 
low virus concentration in many cases constituted simply residual 
surviving virus from the second, 7. e., test virus injection. Marked 
reduction in the propagation of virus was noted when the inactivated 
agent was given as late as 3 hours following the active virus while a 
24 hour delay of the injection of interfering fluid no longer affected the 
multiplication of the virus. Similar observations were reported subse- 
quently by Ziegler, Lavin and Horsfall.“ 

These data suggested that interference takes place very rapidly, and 
further experiments demonstrated this point more clearly. Intra- 
allantoic injection of irradiated influenza virus just prior to or during 
flushing of the allantoic cavity with saline solution at a rate of 10 ml. 


* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Children’s Hospital of Philadelphia. 
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per minute for 10 to 20 minutes produced marked interference with 
subsequently injected active virus. This experiment showed also 
that the mere presence of the inactivated virus in the allantoic cavity 
was not responsible for the phenomenon since all excess of it was 
removed by the flushing procedure, but rather that some change must 
have occurred in the host by an interaction between the susceptible 
cells and the inactivated agent. 

In addition to the speed of the reaction another property of the inter- 
ference phenomenon in influenza appears of interest, 7. e., its relative 
non-specificity. Andrewes! observed interference between a neuro- 
tropic and non-neurotropic strain of influenza A virus. As pointed 
out in our preliminary note,® and in subsequent publications by 
others,'’* cross-interference was noted between influenza A and B 
virus and to some extent between these agents and swine influenza 
virus. 

In the present paper data are summarized which were obtained in 
studies on cross-interference between inactivated and active human 
influenza viruses of Types A and B and porcine virus. In addition,’ 
evidence is presented to show that inactive influenza virus may inter- 
fere with the propagation of 2 biologically unrelated agents in the 
chick embryo. 

Methods and Materials. All methods have been described in the previous 
papers of this series.”* A few improvements of the techniques for the experi- 
ments with the viruses of equine encephalomyelitis and epidemic kerato- 
conjunctivitis are recorded in the text. 

The viruses used were the PR-8, WS, F-12 and F-—99 strains of influenza A, 
the Lee strain of influenza B and the S—15 strain of swine influenza virus. 
The PR-8 and Lee strains were obtained several years ago from Dr. Thomas 
Francis, Jr.; the WS strain from Dr. C. H. Andrewes; the S—15 strain, origin- 
ally isolated by Dr. R. E. Shope, from Dr. W. M. Stanley; the F-12 and F-99 
strains were isolated in this laboratory from fatal cases of influenza. The 
B-11 strain of Western equine encephalomyelitis, originally isolated by the 
Bureau of Animal Industry, was obtained from Dr. B. Hampil. A strain of 
epidemic kerato-conjunctivitis virus, originally isolated by Dr. Sanders,” was 
received from Dr. H. E. Calkins who had adapted the strain to the allantoic 
passage.’ All viruses used have been passed by the allantoic route for at 
least 12 passages but not for more than 46 transfers. 


Experimental. Interference Between Various Influenza Viruses. It 
has been found that influenza virus preparations inactivated by ultra- 
violet irradiation could be diluted usually 50- to 100-fold and still 
prevent the propagation of the homologous active agent in the allantoic 
cavity of the chick embryo to the extent that no measurable concen- 
trations of hemagglutinin appeared in the allantoic fluid. In the 
experiment summarized in Table 1 it is shown that the degree of 
interference is approximately the same regardless of whether the same 
or a different strain of the homologous type or a heterologous type of 
influenza virus was used as infecting agent. Groups of 40 10 day old 
chick embryos were injected with 1 ml. of dialyzed and irradiated 
PR-8 allantoic fluid in dilutions ranging from 1:9 to 1:243, using 
3-fold steps, or with irradiated normal allantoic fluid in dilution 1:9 
in saline solution. After 18 hours of further incubation at 36° to 
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37° C. 10 embryos of each group were infected with active PR-8 or 
WS virus of influenza A, or the Lee strain of influenza B, while a 
fourth group which did not receive any active virus served as control 
for the inactivated agent. The allantoic fluids were harvested 48 hours 
later and pooled according to the groups. No measurable hemagglu- 
tinin titers were found in any of the pools from the experimental 
groups injected with irradiated virus in dilutions up to 1:81 prior to 
the active agents. A dilution of 1:243 of the interfering fluid did not 
interfere to that extent with the production of hemagglutinin by these 
3 virus strains, but all 3 groups showed a marked reduction in the 
hemagglutinin titer when compared with the results in control eggs, 
which had been injected with irradiated normal allantoic fluid instead 
of the irradiated virus preparation. Similar results were obtained 
when irradiated influenza B virus was injected prior to the 3 active 
agents. 

TABLE 1.—QUANTITATIVE COMPARISON BETWEEN HOMOLOGOUS AND HETEROLOGOUS 

INTERFERENCE 


Hemagglutinin titer 48 hours after second injection 
following injection of: 
First injection Second injection - 
irradiated virus active virus Irradiated virus in dilution Normal 
— allantoic 
Strain Type Strain Type 1:9 1:27 1:81 1:243 fluid 1:9 
PR-8 A PR-8 A 2 <2 2 8 768 
Ws A 2 <2 <2 96 640 
Lee B <2 <2 <2 24 768 
<2 <2 2 <2 
Lee B PR-8 A <2 <2 32 256 768 
Ws A 2 <2 96 256 640 
Lee B <2 <2 4 192 768 
<2 <2 <2 <2 


TABLE 2.—CROSS-INTERFERENCE BETWEEN VARIOUS STRAINS OF INFLUENZA VIRUS 
Type A anp BETWEEN VARIOUS TYPES OF INFLUENZA VIRUS 


First injection Hemagglutinin titer 48 hours after second injection of active 
irradiated virus influenza virus 
Strain Type PR-8 ws F-99 Lee 8-15 Saline 
PR-8 A <2 <2 <2 <2 <2 <2 
Ws A <2 <2 <2 <2 <2 <2 
F-99 A <2 <2 <2 <2 <2 <2 
F-12 A <2 <2 <2 <2 <2 <2 
Lee B <2 <2 <2 <2 <2 <2 
S-15 Swine <2 <2 <2 <2 <2 <2 
Normal 512 768 . 192 384 128 

allantoic 

fluid 


In the experiments cited in Table 1 the homologous interference 
reaction appeared slightly more pronounced than the cross-interference, 
since the hemagglutinin titers in the first positive series were lower than 
in the cases where the heterologous agents were used as test virus. 
However, other similar tests have not shown any degree of specificity 
and indeed the differences in the experiments cited fall well within the 
range of variation encountered in these experiments, when the titers 
of individual allantoic fluids are determined. 

From the experiments recorded it appears that there are no marked 
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qualitative or quantitative differences between the interfering capacity 
toward homologous and heterologous active virus preparations. An 
extension of this finding is shown in Table 2 which summarizes an 
experiment employing 6 different irradiated virus strains which were 
tested each for their ability to interfere with 5 different active influenza 
virus strains. ‘The interfering fluids were injected in sufficient dilution 
so as to prevent complications in the interpretation of the results by 
the presence in the allantoic fluids of measurable quantities of hem- 
agglutinin administered with the primary injection of irradiated virus. 
A dilution of 1:3 to 1:9 sufficed in all cases to prevent agglutination of 
chick erythrocytes by the allantoic fluids harvested from the control 
eggs inoculated with the irradiated material only. Secondary injec- 
tion of the various active virus preparations did not result in the pro- 
duction of hemagglutinin, 7. e., interference was marked in each 
instance. On the other hand, eggs previously treated with normal 
allantoic fluid developed the usual high titers of hemagglutinin follow- 
ing the injection of the active viruses. It should be pointed out that 
the PR-S virus interfered with the strain of swine influenza virus used 
in the present experiment, in contrast to the experience reported by 
Ziegler et al.\4 
Interference With Biologically Non-related Viruses. Experiments on 
cross-interference between irradiated influenza viruses and other non- 
related agents were handicapped by the fact that the number of agents 
which have been adapted to passage by the allantoic route is limited. 
‘Two of these, the viruses of Western equine encephalomyelitis (WEE) 
and of epidemic kerato-conjunctivitis (EKC) were employed in a series 
of experiments. Preliminary tests with the WEE virus were found 
to yield quite irregular results until the technique of inoculation was 
changed so as to prevent infection of the tissues of the allantoic sac by 
the contaminated needle. The technique adopted was as follows: A 
small hole was drilled through the shell at the side of the egg over an 
area of the allantoic sac of 10 day old embryos free of larger blood- 
vessels. Another hole was made over the air sac. Undiluted irradi- 
ated influenza virus fluid was then injected in 0.1 ml. amounts through 
the side hole at a slow rate to prevent back-flow of the inoculum. The 
ide hole was closed temporarily with Scotch tape and the eggs were 
returned to the incubator for 2 to 24 hours. After the side hole had 
been reopened, suction was applied to the hole over the air sac to 
ermit air to enter into the allantoic cavity via the side hole. Thus a 
alse air sac was created within the allantoic sac with the chorio- 
llantoic membrane still adhering to the shell membrane, in contrast 
» the usual false air sac method of Burnet? in which the false air sac 
created over the intact, dropped membrane. The side hole was 
ien enlarged to a diameter of about 3 mm. by means of a red hot iron 
id. The heat coagulated the tissues surrounding the hole and ren- 
ered it presumably unsuitable for virus propagation. ‘The WEE virus 
is then dropped into the allantoic cavity through the enlarged hole 
nd the opening was sealed. The eggs were further incubated and 
ndled at daily intervals until conclusion of the experiment, after 
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7 to 9 days. Control eggs were prepared in a similar manner except 
for the fact that irradiated normal allantoic fluid was injected instead 
of the inactivated virus. 

Using this technique interference with the WEE virus gave more 
uniform results, showing in some instances 100% survival of the 
embryos for 9 days following injection of the agent. In other tests 
some embryos died, but usually much later than the corresponding 
controls. Experiments to illustrate these points are shown in Table 3. 
Attempts to demonstrate WEE virus in the allantoic fluids of some of 
the test embryos after 7 days of incubation failed. No tests at an 
earlier stage have been conducted. 


TABLE 3.—INTERFERENCE BETWEEN IRRADIATED PR-S8 Virus anp AcTIVE WESTERN 
EQUINE ENCEPHALOMYELITIS VIRUS 


Second 
injection 
Exper. First active WEE 
No. injection virus LDso Survival of chick embryos 
l Irradiated PR-8 100 DBSSS8SSS 8S 8S 8S 8 
virus 10 S 8S 8&8 8 8 8 8 8 8 
Irradiated normal 100 D; Di Dz Dz Dz Dz D2 Dz De De 
allantoic fluid 10 Di; Dz Dz Dz Dz Dz D2 Ds Ds Ds 
Irradiated PR-8 100 DseDsDseD:S8S S S S 8S 8 8S 8S 8 
10 Di Ds Ds D: DoS S S S 
Irradiated normal 100 Dz Dz D2 Dz D2 Dz D2 Dz Dz Dz D2 De Do 
allantoic fluid 10 D; Di Dz D2 D2 D2 D2 D3: Ds DoS S S 
S = Embryo survived until experiment was discontinued (7 days in Experiment 1; 
9 days in Experiment 2). 
Di = Embryo died within 24 hours; De = died between 24 and 48 hours; etc. 


TABLE 4.—INTERFERENCE BETWEEN IRRADIATED PR-8 Virus AND ACTIVE VIRUS OF 


EpipeMic KERATO-CONJUNCTIVITIS 
Second injection 
Exper. active EKC virus 
No. First injection in dilution Survival of chick embryos 
1 Irradiated PR-8 1071 DDS SSS SSS 8 
virus DSSS SS 8S 
107% DDeSSSSS8S 8S 8S 8 
Irradiated normal 107-1 D: Di Ds Ds Dz Dz Do Do Do Do 
allantoic fluid 10 D; Di; Ds Dp Dp Dp DoS S S S 
107-3 D:iD:DsDsS S S 8 8S 8S 
2 Irradiated PR-8 1071 DSS 8 8 8 8 8S 
virus 1072 88S 8S 8 8 8 
Irradiated normal 1071 D; D; Dz Dz Dz Dy; 
allantoic fluid 1072 D2 Ds D; D7 Dz 


The same technique was employed for the study of interference 
between inactivated influenza virus and active EKC virus. As shown 
in Table 4 nearly all embryos inoculated with the EKC virus following 
normal allantoic fluid died or were found dead on opening of the egg: 
on the 7th or 9th day after the test injection. On the other hand 
only very few of the embryos previously inoculated with interfering 
fluid failed to survive the injection of the EKC virus. 

Other viruses have not been used as yet in interference experiment 
in the allantoic cavity. A few preliminary attempts were made, how- 
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ever, to study interference between irradiated influenza virus and vac- 
cinia virus on the chorio-allantoic membrane. Although these tests 
seemed to indicate on occasion a slight reduction in pock counts, the 
tests on the whole were unsatisfactory, since the embryos frequently 
died when larger volumes of interfering fluid were used in order to 
flood the membrane, whereas smaller volumes were apparently insuffi- 
cient to guarantee uniform spread of the interfering agent over the 
area of exposed membrane. 

Discussion. ‘The interference phenomenon between inactivated and 
active influenza viruses as described in this and previous papers,*:7* 
reveals 2 properties which are noteworthy: (1) the reaction takes 
place very rapidly; and (2) it is relatively non-specific, 2. e., cross- 
interference occurs among all the influenza viruses tested regardless of 
the type. This is in contrast to the specificity of the immune response, 
where vaccination against one type protects only against infection 
with the type and not with the others. In addition, 2 other agents, 
the viruses of Western equine encephalomyelitis and of epidemic 
kerato-conjunctivitis, which are apparently biologically unrelated to 
the influenza agents, were prevented from exerting their fatal effect 
on the chick embryo by the previously injected irradiated influenza 
virus. Our findings with the WEE virus extend the observation by 
Duffy® who noted interference between active PR-8 virus and this 
agent provided enough head start was allowed for the spread of the 
influenzal infection. 

These 2 properties of interference, the speed of the reaction and its 
non-specificity, should be of value in prophylaxis against influenza if 
the phenomenon could be made to serve this purpose, since no satis- 
factory method has been developed for the immediate protection of 
groups exposed to the disease. Whether or not the interference 
phenomenon may accomplish this aim remains to be seen. It is 
obvious that the experiments conducted in the allantoic cavity of the 
chick embryo are performed under particularly favorable conditions. 
The total surface of susceptible cells is comparatively small, the amount 
of interfering virus per unit surface is relatively large and the fluid 
content of the allantoic sac serves to spread the interfering agent 
uniformly to all susceptible cells. If one considers, on the other hand, 
the complicated structure of the mammalian respiratory tract the 
difficulties of reaching all susceptible cells become immediately appar- 
ent. The total surface is much larger and the volume of interfering 
fluid which. can be safely administered, is relatively small. Cor- 
respondingly, interference experiments in mice did not yield as clear- 
cut results as those conducted in eggs although some evidence of 
the occurrence of the interference phenomenon in this species has been 
»btained. Obviously this problem requires further investigation. 

Besides these practical considerations, some theoretical points may 
e discussed. Interference between various active related or unre- 
ated viruses has been observed repeatedly.” In these instances fre- 
juently the view has been expressed that one virus may use up all 
ssential metabolites required for the propagation of the other. Some 
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authors believe that pathologic changes in the host caused by one 
virus may prevent the spread of the other agent. Such explanations 
seem to be invalidated, however, by experiments in which inactivated 
virus was employed successfully as the interfering agent. Delbriick 
and Luria*" concluded from studies on interference between 2 strains 
of bacteriophage that the agents compete for some substance within 
the cell, possibly a “key enzyme.” Blocking of this enzyme by 
inactivated phage particles not only prevents the active agents from 
multiplying within the host but the host cell itself is markedly dis- 
turbed as seen by the fact that bacterial multiplication ceases. 

Whether or not such marked changes occur in the tissues of the 
allantoic sac of the chick embryo following the injection of irradiated 
influenza virus is not yet known. As far as other cells are concerned, 
Hirst? has shown that chick erythrocytes are altered by contact with 
the influenza virus. After adsorption of the agent onto a hypothetical 
receptor on the surface of the cells, the virus is gradually released again 
into the surrounding medium. The red blood corpuscles are unable 
thereafter to adsorb new virus particles, supposedly because the recep- 
tor is destroyed in the reaction. It is worth noting, on the other hand, 
that virus preparations which have been irradiated for extended periods 
of time until the interfering capacity is lost, still may become attached 
to the red cells causing their agglutination.7"* Adsorption of virus 
onto the cells of the respiratory tract of the ferret occurs apparently 
in similar manner as in the case of red cells but elution has been noted 
only in the perfused excised lung, not in the respiratory tract of the 
living animal.!° In the latter instance the reaction goes farther and 
the virus enters the cell with resulting multiplication of the agent. 
No information is available as to possible functional changes in these 
cells. 

It is not possible, therefore, to state at present whether interference 
by the influenza viruses may be caused simply by blocking of some 
receptor spot on the surface of the susceptible cells, or whether the 
reaction occurs within the cells by interaction with some enzyme sys- 
tem. Whatever the mechanism may be, it is apparent from the 
results of the interference tests that the mode of infection by the 
human and porcine strains of influenza virus in the chick embryo is 
closely similar. This is not surprising since no marked differences in 
these agents have been noted in their biologic and physical behavior 
with the exception of their serologic specificity. No such close rela- 
tionship can be claimed, however, between the influenza viruses and 
the agents of Western equine encephalomyelitis and of epidemic kerato- 
conjunctivitis. Nevertheless, the results of the interference tests imply 
that these agents follow similar routes in the invasion of the chick 
embryo from the allantoic sac by occupying either the same receptor 
spots or by requiring in part the same enzyme systems for their propa- 
gation. It is conceivable that these results of cross-interference with 
unrelated agents may be obtained only in embryonic, 7. e., less differ- 
entiated cells and not in the tissues of the mature host. This question 
remains to be investigated. 
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Summary. Cross-interference in the allantoic cavity of the chick 
embryo between various strains of influenza A and one strain each of 
influenza B and swine influenza virus was studied. Virus preparations 
of one strain inactivated by ultraviolet irradiation interfered equally 
well with the propagation of the homologous and the heterologous 
active agents. In addition, irradiated influenza virus prevented death 
of the chick embryos from subsequent inoculation of the viruses of 
Western equine encephalomyelitis and of epidemic kerato-conjunc- 
tivitis. 
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INTERFERENCE BETWEEN INACTIVE AND ACTIVE VIRUSES 
OF INFLUENZA* 


IV. THE NATURE OF THE INTERFERING AGENT 


By Gerrrupe HENLE, M.D. 
AND 
WERNER HENLE, M.D. 
PHILADELPHIA, PA. 
From the Department of Pediatrics, School of Medicine, University of Pennsylvania, 
and the Children’s Hospital of Philadelphia 
Ir has been shown in previous publications of this series, and else- 
where, that intra-allantoic injection of influenza virus preparations 
inactivated by ultraviolet irradiation renders the tissues of the allantoic 
sac insusceptible to infection by the same route with homologous and 
heterologous strains of active influenza virus.°-**° Allantoiec fluids 
derived from normal chick embryos, or particulate components iso- 
ated from normal chorio-allantoic membranes, do not interfere with 
the propagation of the active agents.®:? The interfering agent is not 
dialyzable through cellophane and its concentration corresponds 
oughly to the quantity of virus present in the allantoic fluid. How- 
er, various observations indicate that it is difficult to study quanti- 
itively the relation between virus concentration and interfering capac- 
, Since ultraviolet irradiation causes progressive changes in the virus 
[he work described in this paper was done under contract, recommended by the 
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preparations.7-° First, the infectivity decreases rapidly and the fluid 
finally becomes non-infective while the interferirg capacity is reaching 
its peak. On further irradiation the property of interference dimin- 
ishes and disappears completely while the hemagglutinating activity 
of the virus is still intact. The latter property is lost only on pro- 
longed treatment with ultraviolet light. These various stages in the 
process of inactivation may overlap to a certain extent. Furthermore, 
the effectiveness of irradiation is dependent to some degree on the 
composition of the allantoic fluids. The presence of certain low 
molecular weight substances removable by dialysis as well as the age 
of the embryo from which the fluids are obtained influence the condi- 
tions for inactivation markedly.’ Finally, inactive virus has been 
found to accumulate spontaneously in the allantoic fluids with increas- 
ing time of incubation of the egg cultures, and this cannot readily be 
assayed.’ Therefore, in order to study the nature of the interfering 
agent more extensively and to prove its identity with the inactivated 
virus it was necessary to resort to other means. Experiments employ- 
ing physical and immunologic techniques, which had been mentioned 
briefly in a previous publication of this series* are summarized in the 
present paper. 

Materials and Methods. All techniques for the preparation and assay of 
virus and the methods used in the interference test in chick embryos have 
been described previously.’:*5 They will be extended when required in the 
text. 

Centrifugation. A mechanically driven high speed centrifuge developed by 
Rawson, Scherp and Lindquist was used in these experiments. 

Immune Sera. Human hyperimmune serum against influenza A virus 
(PR-8) and experimental human convalescent serum to influenza B (Lee) 
were used for the neutralization of interference. Sera taken before vaccina- 
tion or infection served as controls. The sera were tested for potency by the 
inhibition of red cell agglutination according to the method of Hirst." 

Experimental. 1. Sedimentation by High Speed Centrifugction. It 
has been shown by several authors that influenza viruses may be 
sedimented in the high speed centrifuge at relatively low speeds?“ 
since they possess sedimentation constants of about 600 $.5%1718) In 
addition, a smaller component with a sedimentation constant of about 
30 S has been found'? which shows antigenic activity in the comple- 
ment fixation test.!° A study of the interfering property of the various 
fractions obtained by the centrifugation method was undertaken and 
the following protocol serves as an example for these experiments. 

Ten-day old chick embryos were inoculated with influenza B virus 
(Lee) and the allantoic fluids were harvested 72 hours after inocula- 
tion. After removal of the coarse particles in the angle centrifuge, a 
small sample of the preparation was retained while the remainder was 
centrifuged in the high speed centrifuge at 20,000 r.p.m. for 20 minutes. 
The sediment contained the bulk of the virus and was resuspended in 
normal allantoic fluid. This preparation will be referred to as 6005S 
component.*!8 Part of the supernatant fluid of the 20,000 r.p.m. 
run was saved, while the remainder was subjected to high speed centri- 
fugation at 30,000 r.p.m. for 60 minutes. The supernatant fluid was 


HENLE, HENLE: INACTIVE AND ACTIVE VIRUSES OF INFLUENZA 37] 


saved and the sediment was resuspended in normal allantoic fluid and 
re-centrifuged at 20,000 r.p.m. for 20 minutes to remove additional 600 S 
material. ‘This fraction was called 30 S component.!°" All 5 prepa- 
rations, the original allantoic fluid, samples of the supernatant fluids 
from the centrifuge runs at 20,000 and 30,000 r.p.m., and the 6005 
and 30S materials suspended in normal allantoic fluid, were dialyzed 
in the same bath overnight against 20 volumes of M/100 phosphate 
buffered saline solution of pH 7.1. Before irradiation the materials 
were centrifuged at low speed to remove a few larger aggregates. The 
preparations were then irradiated by ultraviolet light for 3 minutes 
in a manner previously described,’ and tested for their capacity to 
agglutinate chick red cells"! and to interfere with the propagation of 
active Lee virus. For the latter test active homologous virus (or 
saline solution in controls) was injected 6 hours following the primary 
injection of the irradiated materials in varying dilutions. The results 
of these tests are summarized in Table 1 
TABLE 1.—SEDIMENTATION OF THE INTERFERING AGENT BY HiGH SPEED 
CENTRIFUGATION 


First injection Hemagglutinin titer 48 hours after 2nd inoculation fol- 
lowing injection of irradiated materials in dilutions 
Irradiated Hemaggl. Second ~— 
material titer injection ndil, 1:3 1 1:27 ils 243 1:72% 
Original allantoic 448 Virus <2 <2 <2 14 112 
fluid Saline <2 <2 <2 <2 <2 
Supernatant 28 Virus <2 <2 28 112 
20,000 r.p.m. Saline <2 <2 <2 <2 
Supernatant <2 Virus 48 128 
30,000 r.p.m Saline <2 <2 
600 S 2 times 768 Virus <2 2 2 28 32 
concentrated Saline <2 2 2 <2 <2 
30 S 5 times ~ Virus <2 64 
concentrated Saline <2 <2 
Normal allantoi <2 Virus 192 
fluid 


As seen in the table, the results of interference corresponded to 
those of the hemagglutination test. Centrifugation at 20,000 r.p.m. 
removed more than 90% of the hemagglutinins and interference was 
decreased to about the same extent. On the other hand, the sediment 
resuspended to one-half of the original volume of allantoic fluid came 
up to the hemagglutinating titer and interfering capacity of the 
riginal allantoic fluid. Centrifugation at 30,000 r.p.m. removed the 
remaining hemagglutinins sufficiently to render the test negative and 
interference was practically absent. The 30S material still contained 
i low titer of hemagglutinin due to residual 600S material!’ and 
nterference was correspondingly present but slight. The allantoic 
fluids from control eggs inoculated with the irradiated preparation in 
this and the following experiments prior to injection with saline solu- 
ion, instead of active virus, revealed no measurable hemagglutinins, 
ndicating that the irradiated preparations had lost their infectivity. 
‘his was substantiated in some of the experiments by passage of these 
luids to new chick embryos. 

From these data, it is apparent that the interfering capacity is 
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closely linked with the agglutinating property which in turn has been 
found to be inseparable from the virus particle.*:'!:!2-'4.6—18 

2. Adsorption Onto and Elution From Chick Red Cells. It had been 
noted by Hirst” that both active and inactive influenza virus is readily 
adsorbed onto chick red cells and eluted therefrom. This property 
has been utilized for the production of concentrated influenza vaccine.* 
The question arose whether the interfering property would be adsorbed 
and eluted in the same manner as the active or inactivated virus and 
the following protocol exemplifies such an experiment. 

Allantoic fluids were harvested from chick embryos which had been 
infected 48 hours previously with the PR-S8 virus of influenza <A. 
After preliminary centrifugation to remove coarser particles from the 
fluid a small sample was saved while the remainder was cooled to 0° C 
in an ice-water bath. Sterile washed chick erythrocytes were added 
to form a 5% suspension. After 30 minutes at 0° C., the mixture 
was centrifuged in chilled cups for 10 minutes at 2000 r.p.m. and the 
supernatant fluid removed. The sediment was resuspended in one- 
half the original volume of normal allantoic fluid and placed into a 
water bath at 37° C. for 25 hours. The red cells were then sedi- 
mented by centrifugation and the supernatant fluid containing the 
eluted virus saved. The 3 preparations, the original allantoic fluid, 
the absorbed supernatant fluid and the eluate, were dialyzed and 
irradiated in a manner similar to that described in the centrifugation 
experiment. Hemagglutination and interference tests have yielded 
the results recorded in Table 2. 

TABLE 2.—ADSORPTION OF THE INTERFERING AGENT ONTO AND ELUTION FROM 

Cuick Rep BLoop CELLS 


Hemagglutinin titer 48 hours after 2nd 
First injection inoculation following injection of 
irradiated virus in dilution 
Irradiated Hemagg]l Second 
material titer injection 3 1:9 1:27 1:81 1:243 
Original allantoic fluid 512 Virus 2 <2 2 16 
Saline 2 2 <? 
Supernatant after adsorption 32 Virus <2 2 64 384 
Saline 2 2 <2 <2 
Eluate 2 times concentrated 412 Virus 9 9 2 16 
Saline 2 9 2 <2 
Normal Allantoie fluid <2 Virus 384 


As seen in the table more than 90°% of the hemagglutinins were 
removed from the allantoic fluid by adsorption onto the red cells and 
the results of the interference test show a similar decrease in activity. 
On the other hand, the eluate contained most of the agglutinating 
property and the interference test was similar in strength to that 
obtained with the original allantoic fluid. This experiment shows then 
that the interfering property reacts simils rin to the hemagglutinating 
agent of an influenza virus preparation in being adsorbed onto and 
eluted from chick red cells. 

Specific Neutralization of Interference by Immune Sera. The fact 
that influenza virus Type A interferes equally well with Type B, and 
conversely,°:*:!®2° permits the testing of the effect of specific immune 
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sera on the interfering capacity of an irradiated virus preparation. 
Antibodies to influenza virus react highly specifically and no cross- 
neutralization occurs between Type A and B viruses. Consequently, 
tests on the neutralization of the interfering property by specific 
immune sera are not complicated by residual unattached antibodies 
injected together with the inactivated virus, as long as the heterologous 
active agent is used for the test of interference. Such an experiment 
is summarized in the following protocol. . 

Allantoie fluid infected with influenza A virus (PR-8) and inacti- 
vated by ultraviolet irradiation was mixed with either pooled human 
hyperimmune serum against influenza A virus in dilution 1:4 or with 
pooled serum taken from some of the individuals before immunization, 
equal volumes of allantoic fluid and diluted serum being used. Con- 
trol preparations were made by adding normal allantoic fluid instead 
of the virus preparation to the sera. These 4 preparations were tested 
both for hemagglutination and interference. Influenza B virus (Lee) 
served as the test agent for the interfering capacity of the irradiated 
influenza A virus-serum mixtures, injected in varying dilutions. The 
results of these tests are shown in Table 3. 


TABLE 3 NEUTRALIZATION OF THE INTERFERING AGENT BY IMMUNE SERUM 


Hemagglutinins 48 hours after 2nd in- 

oculation of active influenza B (Lee) 

First injection virus following primary injection of 
- the various mixtures in dilution (in 


Material terms of allantoic fluid) 
Hemaggl. Second — - 

Virus Serum titer injection 1:9 1:27 1:81 1:243 
Influenza A Anti-A <2 Virus 12 128 512 768 
PR-8 Saline <2 <2 <2 <2 
Influenza A Normal 256 Virus 2 2 <2 12 
Saline 2 2 <2 <2 

Normal allantoi Anti-A <2 Virus 384 512 384 512 
fluid Saline <2 <2 <2 <2 


Normal allantoic Normal <2 Virus 384 


As can be seen in the table the addition of a high titered anti-influ- 
enza A serum to inactive influenza A virus preparations neutralized 
completely the hemagglutinins and its interfering capacity with active 
influenza B virus was reduced extensively as compared with the effect 
of pre-vaccination serum. Neither the hyperimmune nor control sera 
contained sufficient concentrations of anti-influenza B antibodies, in 
the dilutions used, to prevent the multiplication of this agent in the 
allantoic cavity, as measured by hemagglutinin titers. 

Similar experiments with B convalescent serum and irradiated B 
virus have shown neutralization of the interfering property with the 
active influenza A virus. These data show clearly that the immune 
sera contained antibodies neutralizing the interfering property, presum- 
ably by preventing attachment of the irradiated virus to the susceptible 
host cell. 

Summary. Although it was apparent that the interfering capacity 
of irradiated influenza virus preparations corresponds within certain 
limits to their content of virus, this observation would not exclude the 
possibility that the interfering substance might be a product of the 
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virus or the infected host cell and not the inactivated agent. How- 
ever, the experiments related in this paper serve to identify the inter- 
fering agent with the inactive virus. The interfering substance be- 
haves in every respect tested like the influenza virus. It is sedimented 
in the high speed centrifuge under conditions which will sediment the 
active virus. It is adsorbed onto and eluted from chicken red cells 
in amounts comparable to the virus and, finally, it is specifically neu- 
tralized by immune sera, 2. e., the interfering agent of influenza A 
preparations by anti-influenza A serum only and not by anti-B serum, 
and the B preparations by anti-influenza B serum and not by anti-A 
serum. 
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METHIONINE IN THE TREATMENT OF TOXIC HEPATITIS 
By James H. Eppy, Jr., M.D.* 


SHREVEPORT, LA. 


(From the Medical Department of The Louisiana Ordnance Plant) 


THE increased sensitivity of the liver to toxins, following depletion 
of the protein stores, has been well demonstrated by Miller and 
Whipple in their experiments on dogs exposed to chloroform. They 
found that normal dogs that are well fed will tolerate 1 hour of surgical 
chloroform anesthesia, but when the dogs are fasted for 3 days pre- 
ceding the anesthesia, there will always be marked hyaline central 
necrosis of the liver. In these cases the central necrosis usually 
involved 50 to 70% of the cells in each lobule and occasionally the 
exposure caused death in from 2 to 4 days. The protective action of 
protein diets had previously been pointed out by Goldschmidt, Vars 
and Ravdin' in their work with mice. 


* We are indebted to Wyeth Incorporated for a supply of Methionine used in some of 
these cases. 
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The value of carbohydrate in protecting the liver has widespread 
acceptance. In view of recent studies on protein factors in liver 
protection it is likely, as pointed out by Miller and Whipple,’ that its 
efficiency is due primarily to sparing protein stores. 

The interest in dietary factors in protection against liver injury 
received more attention following the reports of several groups con- 
cerned with the identification of the specific protein factor responsible 
for liver protection. Miller, Ross and Whipple’ demonstrated in 1940 
that the amino acid, methionine, and to a less extent cystine, gave 
protection against liver injury if given before chloroform anesthesia. 
These materials were shown to be as effective as the feeding of a large 
protein meal. In the same study it was shown that a number of non- 
sulfur containing amino acids lacked this protective quality. Later, 
in 1942, Miller and Whipple® showed that protein depleted animals 
could be protected against chloroform anesthesia even when methionine 
was given 3 to 4 hours after exposure to chloroform. If, on the other 
hand, the methionine was given as late as 6 hours after anesthesia, all 
of the animals died. Apparently by that time all of the cells were 
fatally damaged. In other words, it is necessary that some viable 
liver tissue be present if methionine is to be of value in protecting 
the liver. This points to the clinical value of early treatment if 
methionine is to have maximum efficiency. The uselessness of choline 
alone in attempts to protect the liver has been pointed out by several 
investigators. When the choline was given with cystine there appeared 
to be equally as much benefit as when methionine was given. 

In 1944 Goodell, Hanson and Hawkins‘ demonstrated again the 
increased susceptibility of protein depleted dogs to hepatotoxins. 
They used mapharsen in large doses as the toxic agent. This group 
also demonstrated the effectiveness of methionine in protecting these 
animals against the poison. In this report it was noted that oral 
administration of 2 to 4 gm. of methionine 20 to 40 hours prior to 
giving the arsenical was more effective in protecting the liver than was 
the intravenous administration of 1 gm. of amino acid just prior to 
giving mapharsen. Unfortunately it is difficult to tell whether the 
time element, the increase in dosage or the route of administration is 
the most important factor. 

The manner in which methionine protects the animal against liver 
damage is not clear but there is evidence to support the belief that 
its value depends primarily on the sulfur content of the amino acids. 
Weight is given to this concept by the work of Miller and Whipple? in 
which they demonstrated that the animal that has been depleted of 
protein has been more completely depleted of sulfur. They believed 
that this indicated a “definite loss by the protein depleted liver of 
some relatively sulfur rich component, presumably protein in nature, 
the loss of which makes the liver more susceptible to a variety of 
injurious agents known and unknown.” 

Heppel et al.° in January of this year reported on the influence of 
lietary factors in the toxicity of dichloroethane. They pointed to the 
lecreased resistance to the toxic action of dichloroethane among ani- 
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mals on a protein deficient diet but showed that these animals resisted 
the toxic action if they were supplied with methionine and choline. 
They did emphasize, however, that dichloroethane did not produce 
hepatic lesions such as those described following chloroform or carbon 
tetrachloride exposure. They remarked that, “The appearance of 
livers of rats dying after dichloroethane showed nothing to distinguish 
them from the livers of rats fed similar diets but not exposed.” This 
is somewhat suggestive that the protective action of methionine may 
be dependent not alone on the liver. The appearance of adrenal 
changes in some of their experimental animals may be of some sig- 
nificance. 

Much of the recent clinical interest in methionine followed the 
report of Gyorgy® in 1944. In that report Gyorgy reviewed the work 
leading up to the acceptance of methionine as the specific dietary 
factor in the prevention of liver damage. In discussing many of the 
so-called hepatotoxins the strong importance of dietary factors was 
brought out. 

Gyorgy outlined the progression of changes in the liver of animals 
on a protein deficient diet from fatty infiltration through necrosis 
and to cirrhosis. He pointed out, too, the presence of the pigment 
“ceroid”’ in the cirrhotic liver that has been produced by purely dietary 
means, and remarked that “ceroid”’ has not been seen in other forms 
of cirrhosis in animals or man. The appearance of kidney lesions 
simultaneously with the liver damage on a purely dietary basis was 
compared with the so-called hepatorenal syndrome in man. In dis- 
cussing the similar protection offered the liver by methionine and by 
choline plus cystine, Gyorgy suggested that choline and cystine are 
needed for the synthesis of another substance that may be methionine. 
Specific recommendations for the use of methionine or cystine plus 
choline in the prevention and treatment of hepatic injury due to purely 
toxic as well as dietary factors were made. 

The dietary factor in connection with hepatotoxins has been pointed 
out recently in a paper from this department on the occurrence of 
carbon tetrachloride poisoning.? It was noted that all of the severe 
cases of poisoning appeared in Negro women who were known to exist 
on a high fat and protein deficient diet. Although many white em- 
ployees worked at the same job and had mild toxic symptoms, not one 
of their group showed any serious damage. 

The report by Beattie et al.' of 1 case of carbon tetrachloride hepat- 
itis treated with methionine led to our investigation of the value of 
this material in the treatment of hepatitis due to trinitrotoluene. This 
work has led to study on its use in other types of hepatitis and- in 
cirrhosis. 

Our work began in July 1944 and since that time we have treated 
30 cases of acute toxic hepatitis with methionine. Most of these cases 
have been caused by trinitrotoluene and at least 10 of them have been 
seriously ill. To this date there have been no fatalities. This is of 
interest in view of the published mortality in T.N.T. hepatitis of 
30 to 35%. It is also noteworthy that of our 2 cases of T.N.T. hepat- 
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itis seen prior to using methionine 1 patient died and the second had 
a prolonged illness. Many of the patients since that time have 
appeared to be as severely poisoned as were the first cases on their 
admission. 

Among our cases of toxic hepatitis treated with methionine, the 
length of hospitalization varied from 4 days to 7 weeks with an average 
of 13 days. The diagnosis was based on an analysis of the occupational 
exposure, physical examination, icterus index, Hanger Cephalin Floc- 
culation test, and urinalysis for urobilinogen and bilirubin. These 
examinations almost always supported each other and they gave an 
excellent method of follow-up for the cases. We are particularly 
impressed by the value of a daily urinalysis for urobilinogen and 
bilirubin in that it has followed the patient’s course much closer than 
other examinations and is so easily done. We have noted that the 
decrease in bile in the urine and increase in urobilinogen are followed 
closely by a decrease in the icterus index but that the decrease is 
rather slow below 20 units and often shows a value of 10 to 12 units 
for several months. ‘The Hanger Cephalin Flocculation test has never 
given a false negative and false positives have been rare in our experi- 
ence. We do not, however, consider a reading of + or ++ as of any 
significance. ‘This test has been rather slow to return to normal but 
usually shows a quantitative change before the patient leaves the 
hospital and becomes negative after 1 or 2 months. 

Almost all of these patients complained of dizziness, nausea, vomit- 
ing, weakness and upper right quadrant pain. The physical examina- 
tion showed principally jaundice and an enlarged liver. The patients 
have been white and colored, and male and female with a preponder- 
ance of white males. 

Treatment has consisted of bed rest, a diet rich in protein and car- 
bohydrate and poor in fat, administration of multiple vitamin product 
plus added vitamin B complex and the oral administration of methio- 
nine in doses of from 3 to 8 gm. daily. The average dose was 3 to 
t gm. per day but in 2 of these cases the patients showed more jaundice 
and the dose was increased to 8 gm. daily and the patients fed by duo- 
denal tube. In both of these cases improvement was marked after 
{8 hours. 

Several of these T.N.T. cases are outlined as typical of the more 
evere type that we have seen here. 


Case Abstracts. Case 1. V. L., a white female, had been working in a 
thread cleaning operation with trinitrotoluene for 2 months when she began to 
mmplain of weakness, upper right quadrant pain, nausea and vomiting and 
fter a few days noted a yellow color in her skin. She stayed home from 
ork for a few days and went to her family physician who made a diagnosis 
| toxic hepatitis and referred her to this hospital. Examination on admission 
vealed a slender young woman who was deeply jaundiced. Vomiting was 
vere and the patient was nauseated almost constantly. The liver was 
nlarged to 4 em. below the costal margin and was tender. There were no 
ther physical findings of note. 
The icterus index was 63.3 and the Hanger Cephalin Flocculation test was 
++ in 24hours. The urine gave a + + test for bile and the urobilinogen 
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was present in a dilution of 1 to 200. There were 3,790,000 red cells with 
10.4 gm. of hemoglobin. The total white cell count was 3800 with 49 poly- 
morphonuclears, 39 lymphocytes and 12 mononuclears. The platelet count 
was 225,000. 

She was given a diet high in protein and carbohydrate and low in fat. This 
was supplemented with vitamins and 3 gm. of methionine daily. 

Clinical improvement was rapid and the patient was able to leave the 
hospital after only 8 days. She returned for observation after 30 days at 
which time the laboratory reports showed an 8.4 icterus index and no bile in 
the urine. The urobilinogen was decreased in amount. The Hanger test was 
+-+ at the end of 24 hours and +++ at 48 hours. 

Case 2. R. W., a colored male, 26 years of age, came to the hospital on 
Nov. 20, 1944, complaining of weakness, dizziness and jaundice. This man 
had been exposed to T.N.T. for 5 months. He was deeply jaundiced and 
appeared seriously ill. Examination showed an enlarged tender liver but no 
other masses or enlarged organs. There was no edema and no evidence of 
hemorrhage. 

The icterus index was 56 on admission. There was ++-+-4+ bile in the 
urine and the urobilinogen was decreased in amount. The Hanger Cephalin 
Flocculation test was +++. The blood count was essentially normal. 

Treatment was begun with methionine in doses of 1 gm. 3 times daily and 
he was also given methenamine, the vitamins and a diet rich in protein and 
carbohydrate and low in fat. The patient progressed very poorly and after 
3 days he vomited frequently so that it was necessary to give his diet and medi- 
cation by duodenal tube. He improved slightly for a short time but then 
appeared to be going down hill rapidly so that by Dec. 4, 1944, his icterus 
index was 112.4 and he was comatose. At this time the dose of methionine 
was increased to 2 gm. 4 times daily and feedings were given every hour. 
Improvement occurred shortly after this change and by Dec. 20 the icterus 
index was 52 and the dose of methionine was returned to the original amount. 
He was discharged as well on Jan. 9, 1945. At that time his fasting icterus 
was 17.8 and his Hanger test was +. About 1 month later his icterus index 
was 10. This has been one of our more seriously ill patients and one who 
I feel was helped considerably by methionine. 

Casg 3. G. N., a 45 year old white male, who had been exposed to 
T.N.T. for 13 months came to the hospital in the middle of February complain- 
ing of generalized aching, sleeplessness and a feeling that his right hand was 
swollen. Examination of the urine at that time showed a normal amount of 
urobilinogen and no bile. He continued at his work and 3 days later he 
noted a diarrhea. On Feb. 23 he came in complaining of weakness, epigastric 
pain and said that he had passed numerous tarry stools. He had 2.5 million 
red cells and 9.2 gm. of hemoglobin. <A diagnosis of bleeding duodenal ulcer 
was made and he was referred to a local sanatorium. He improved rapidly 
but on March 8, 1945, his physician noted some yellowish discoloration of the 
sclere and referred him to us for laboratory study. At that time his icterus 
index was 20 and the Flocculation test was +++. 

We were not able to get him back to the hospital until March 15, at which 
time he was hospitalized. The icterus index had reached 56 and the urine 
showed ++-+4 bile with a 1 to 40 dilution of urobilinogen. The Hanger 
test was ++++. The treatment of this patient was started the same as 
the previous ones with the addition of ferrous sulfate for his anemia and 
tincture of belladonna and an alkali for his ulcer. 

This patient got along rather poorly with his icterus index gradually increas- 
ing, the urine showing a great deal of bile and the urobilinogen decreasing 
until only a trace was found. The urobilinogen never entirely disappeared. 
Roentgen ray of the gall bladder region showed no opaque calculi. By 
March 24 the icterus index was 83.3 and the patient was given vitamin K by 
mouth. Because of the atypical history in this case a study of the gall bladder 
region following the oral administration of “Priodax” was attempted. No gal 
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bladder shadow was seen and the patient seemed worse after this study. He 
vomited frequently and was drowsy. Tube feeding was given until nauses 
subsided and then oral feeding was offered every 2 hours. The methionine 
was increased to 2 gm. 4 times daily. At this time the icterus index was 129 
and the patient appeared to be losing ground rapidly. Following the changes 
in his medication he began to improve rapidly and after 7 days the icterus 
index was 51 and the patient was enjoying his food. Approximately 1 month 
after his jaundice was discovered his icterus index was 23.5, the urine was 
normal and the Hanger Flocculation test was still +++-+. 


The remarkable improvement in 2 of these patients when the dose 
of methionine was increased has led us to believe that our usual dose 
of methionine may be inadequate and we should possibly consider 
that 6 to 8 gm. daily be given to all seriously sick patients. We have 
not hesitated to give 12 gm. daily to 1 patient who appeared to be in 
extremely poor condition. Our present routine is to start these 
patients on smaller doses and to increase the amount if clinical improve- 
ment is not easily apparent. 

‘Two patients with epidemic hepatitis have been given methionine 
and improvement has been striking within 48 hours. In 1 of these 
patients the jaundice returned when treatment was stopped but 
responded quickly when methionine was given again. 

Several cases of acute carbon tetrachloride hepatitis treated with 
methionine have been reported in an earlier paper. One of these 
cases came to the hospital in a coma. Her liver was enlarged to 
below the umbilicus, was soft and tender and her icterus index was 344. 
She was given 12 gm. of methionine daily and improved rapidly so 
that after 4 weeks the icterus index had returned to 15. 

Treatment of a few patients with known cirrhosis of the liver has 
been started and several remarkable observations have been made in 
these cases. It is, however, too early and the number of cases under 
treatment has been too few to draw any conclusions from this work. 
It appears that methionine or choline plus cystine will be of value in 
early cirrhosis and in controlling the episodes of acute activity in 
older cases. It is apparent that little help can be given to the far 
advanced cases as by that time the functional unit has been irreparably 
embarrassed by the laying down of scar tissue. 

Summary and Conclusions. The results of animal experiments indi- 
cate the value of methionine in protecting the liver from damage by 
‘ertain hepatotoxic drugs. 

Its effectiveness in treating toxic hepatitis is shown in a group having 
epatitis due to trinitrotoluene. In these cases there have been no 
atalities and the course of the illness is believed to have been shortened 
ppreciably. 

Several other cases of hepatitis due to carbon tetrachloride and 

patients with epidemic hepatitis are thought to have been improved 
methionine. 

There has been no evidence of toxic reactions to methionine and 

irther clinical trial is urged. 
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WITHIN recent years two new forms of experimental diabetes have been 
discovered, that produced by anterior pituitary extracts and that pro- 
duced by alloxan. Both have been studied intensively from the physio- 
logic and morphologic points of view and a considerable mass of experi- 
mental data has rapidly accumulated. It seems timely, therefore, to 
look back over the whole field of experimental diabetes, including that 
form of the experimental disease originally produced by complete or 
partial pancreatectomy, with a view to summarizing the essential observa- 
tions. In this review an attempt is made to give such a retrospect of the 
morphologic aspects of this field with particular reference to changes in 
the islets of Langerhans of the pancreas. Physiologic observations have 
not been by any means excluded but, in the main, only those are cited 
that have a bearing on the pathogenesis of the lesions described or on 
the interpretation of their significance. 

Diabetes Produced by Partial Pancreatectomy. Diabetes mellitus was 
first produced experimentally in dogs by von Mering and Minkowski® in 
1889 by means of total extirpation of the pancreas. Minkowski® also 
found that no diabetes resulted if one-fourth to one-fifth of the pancreas 
were left in position. He and other investigators showed that when 

maller parts of the pancreas were left, diabetes of varying grades of 
everity might develop, but if more than one-tenth of the gland were left 
n functional condition there was no certainty of diabetes developing. 
sandmeyer,®*’ however, was able to demonstrate that severe diabetes 
esulted some months after partial pancreatectomy when larger pieces of 
ancreas were left behind providing that the remaining pancreas was 
evered from its connection with the duodenum. This was presumably 
ue to gradual atrophy and sclerosis of the remaining fragment. 

Early histologic studies established that diabetes never occurred in 
ie experimental animals in the presence of well-preserved islands of 
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Langerhans and that diabetes was never absent in the absence of islets.” 
However, detailed microscopic observations on the islets of Langerhans 
contained in the remaining pancreatic tissue of animals rendered diabetic 
by subtotal pancreatectomy had to await the development of the special 
methods devised by Lane and Bensley for staining the specific granules 
of the islet cells. Such observations were finally forthcoming in 2 series 
of publications, 1 by F. M. Allen® and 1 by Homans.* Their first studies 
were carried out independently and published almost simultaneously 
in 1913. 

Both of these investigators studied microscopically the remaining frag- 
ments of pancreatic tissue in dogs deprived of approximately nine-tenths 
of the pancreas, while Homans, in addition, made similar observations 
on cats deprived of about five-sixths of the pancreas. Partial pancreatec- 
tomy of this extent was usually followed in both species by the develop- 
ment of diabetes. Homans*” found significant changes in the remaining 
islands of Langerhans in partially pancreatectomized cats even when 
diabetes did not develop. In such animals within 5 days after operation, 
he noted diminution in the granule content of the islet cells. In cats 
and dogs rendered diabetic by partial pancreatectomy, both Homans* 
and Allen.» observed progressive loss of the specific granules of the beta 
cells accompanied by swelling of these cells and the appearance of empty 
vacuoles in the cytoplasm which were devoid of any substance that could 
be fixed or stained. This last appearance was recognized at once as the 
counterpart of the hydropic degeneration of the islets of Langerhans in 
human diabetes previously described by Weichselbaum® and _ others. 
While these changes in the beta cells were progressing, the alpha cells 
remained practically normal with their full complement of granules. 
The nuclei and cells membranes of the beta cells remained normal in 
appearance even when the cytoplasm had been practically replaced by 
voluminous vacuoles, but eventually there followed rupture, disintegration 
and disappearance of the beta cells leaving the islets much reduced in size 
and composed only of the few remaining alpha cells. In addition to these 
alterations in the islets, Allen?’ also observed in dogs the formation of 
numerous strands and clusters of duct cells with the appearance of vacuola- 
tion of these and of the epithelium of the smaller ducts in the end-stages 
of severe diabetes. 

Allen” found that the rapidity of development of the changes in the 
islets varied directly with the severity of the diabetes. With very severe 
unmitigated diabetes, the first positive vacuolation was found in from 
t to 7 days; maximum vacuolation was attained in about 1 month; and 
in 6 weeks to 2 months all beta cells had disappeared. Allen” believed 
that the hydropic changes were probably reversible but he was unable to 
prove this conclusively. Later, however, when insulin became available, 
Copp and Barclay'’ demonstrated that the hydropic degeneration in dogs 
rendered diabetic by partial pancreatectomy could be reversed by the | 
administration of insulin, but only for the duration of insulin therapy. 

Regarding the pathogenesis of these islet lesions, both Homans* anc 
Allen**-’ argued that, since a small fraction of the pancreatic tissue wa 
called upon to perform the work of the whole, it was reasonable to suppos 
that the changes in the islets of Langerhans were due to excessive fun 
tional demands. The succession of changes in the beta cells were inter 
preted as indicating excessive functional activity and exhaustion followed 
by hydropic degeneration and finally by disintegration of the beta cell 
Both investigators pointed out the importance of their observations i! 
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identifying the beta cells as the source of the pancreatic antidiabetic hor- 
mone. ‘Their conclusions on these points, though entirely inferential, 
have stood through the intervening years without criticism until recently 
when Lukens and Dohan** challenged the hypothesis of functional strain 
solely on the score of vagueness. 

The nature of the stimulus to excessive function of the beta cells under 
the conditions of these experiments was an attractive problem which 
engaged Allen’s attention especially. Both he and Homans had observed 
hydropic degeneration and disintegration of the beta cells only in associa- 
tion with diabetes. Allen” had demonstrated that the severity of the 
lesions varied directly with the severity of the diabetes and that their 
development was promoted by a high carbohydrate diet. Allen’s further 
investigations showed that the development of hydropic degeneration in 
the presence of diabetes was not dependent on hyperglycemia, glycosuria,”4 
lipemia or acidosis.» He was able to induce the hydropic changes in 
fragments of pancreas separated from all nervous connections” and failed 
to produce hydropic degeneration or any other alterations in the islets 
by interference with the circulation of the pancreas.” In view of these 
findings, and especially the demonstration that the hydropic lesions were 
not dependent on hyperglycemia, Allen*? concluded that the humoral 
stimulus to excessive function of the beta cells “must be something deeper 
or more specific in connection with the diabetes.”” Although he could 
conceive of their internal secretion existing in the blood stream only in 
traces, he suggested that the islet cells may conceivably be sensitive to a 
deficiency of their own circulating hormone and that this deficiency 
provides the adequate stimulus. Allen regarded this idea as_ purely 
speculative, but no evidence to controvert his suggestion had appeared 
until recently when Lukens and Dohan,**** in their experiments on 
anterior pituitary diabetes in cats, made observations apparently contra- 
dictory to those of Allen which led them to favor hyperglycemia as the 
essential factor in the production of the typical lesions in the islets of 
Langerhans. More detailed reference to their experiments will be made 
presently. 

Anterior Pituitary Diabetes. The not infrequent clinical association of 
diabetes with disorders of the pituitary gland had long been the only 
justification for the belief that the pituitary played an important rdle in 
the regulation of carbohydrate metabolism. However, in 1927, Johns, 
O’Mulvenny, Potts and Laughton" first recorded the occurrence of hyper- 
glycemia, glycosuria and polyuria in dogs following injections of an extract 
of the anterior lobe of the pituitary. Houssay and Biasotti® in 1930 
howed that diabetes produced in animals by pancreatectomy was amelio- 
rated by hypophysectomy. Finally, in 1932, three groups of investigators 
ilmost simultaneously reported the production of diabetes in experimental 
inimals by means of injections of extracts of the anterior lobe of the pituit- 
ry. These investigators were Evans, Meyer, Simpson and Reichert,” 
jaumann and Marine,® and Houssay, Biasotti and Rietti.° Although it 

as then established that a limited course of injections of anterior pituitary 
‘tract would produce a temporary or transient diabetic state which 
isappeared shortly after the injections ceased, Young™? in 1937 added 
aterially to the knowledge of anterior pituitary diabetes by his observa- 
on that the daily injection in dogs of a suitable extract in large doses 
r a period of several weeks may produce permanent diabetes which 
rsists indefinitely after cessation of the injections. However, the full 
gnificance of Young’s observation was not realized until Richardson 


a 
d 
1e 
in 
lls 
in 
by 
on 
ize 
ot 
yla- 
ges 
the 
ere 


O84 PROGRESS OF MEDICAL SCIENCE 


and Young in 1938 first described lesions of the islets of Langerhans in 
association with anterior pituitary diabetes. The occurrence of such 
lesions in dogs has since been confirmed by a number of other investi- 
gators,'*!%.20.61 and the changes in the islets have been studied with special 
care by Richardson™ and Ham and Haist.” 

The lesions in the islands of Langerhans affect the beta cells almost 
exclusively. The alpha cells almost always remain normal with a normal 
content of granules, but varying degrees of depletion of alpha granules 
have been described in a few instances.*®? The changes in the beta cells 
correspond in every essential respect with those described by Homans™ 
and Allen**”* in animals rendered diabetic by partial pancreatectomy. 
In dogs injected daily with anterior pituitary extract in suitable doses 
the beta cells exhibit progressive depletion of their specific granules which 
is usually almost complete at the end of 7 days. Toward the end of this 
period hydropic degeneration makes its appearance in the beta cells and 
progresses rapidly. There is a concomitant vacuolation or hydropic 
degeneration of the epithelium of the smaller pancreatic ducts and of the 
cords of undifferentiated epithelium. During this same early period 
mitotic figures may be found among the islet cells, and Ham and Haist* 
also observed mitotic activity in the cells of the small pancreatic ducts, 
in strands of undifferentiated epithelium and in acinar cells of the pancreas, 
as well as in other organs. 

That the changes occurring within the first 7 days are completely 
reversible is evident from the studies of Ham and Haist*® who observed 
recovery from hydropic degeneration of both islet and duct cells and 
restoration of about half of the normal complement of beta granules 
within 3 days after the last of 7 daily injections of anterior pituitary 
extract. Four days after the last injection granulation of the beta cells 
was complete and the islets restored to practically normal appearance. 
However, in 1 dog subjected to 7 daily injections and sacrificed 27 days 
thereafter, the islets of Langerhans exhibited slightly more collagen than 
usual in association with their vessels. 

If daily injections of anterior pituitary extract be continued for 2 to 
4 weeks or longer, diabetes persisting indefinitely after the cessation of 
the injections is the usual result. In the pancreatic tissue of dogs made 
permanently diabetic in this way, there is a scarcity of recognizable islets 
and evidence of disappearance of many beta cells with consequent reduc- 
tion in size of the islands that remain. The latter may appear practically 
normal with ordinary stains,** but granule stains reveal that they are 
composed chiefly of alpha cells, sometimes with small numbers of agranular 
or hydropic beta cells. Although Richardson™ regarded vacuolation of 
the smaller ducts of the pancreas as the most characteristic lesion following 
injections of anterior pituitary extracts, it is found only irregularly in 
permanently diabetic dogs.’ 

Ham and Haist® were particularly impressed by the close correlation 
between the extent of granulation of the beta cells in the different animals 
of their series and the insulin content of the respective pancreases as 
determined by Best, Campbell and Haist.’° 

Dohan, Fish and Lukens!® found that atrophy of islets was not accom- 
panied by fibrosis. On the other hand, Ham and Haist® described slight 
diffuse fibrosis of the pancreas and an increase of collagen about the blood- 
vessels of the islets. Richardson alone has described hyaline replace- 
ment of the beta cells in 3 dogs which had been diabetic for 5 months o1 
longer. He thought it possibly significant that these animals had all hac 
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a short period of insulin therapy which had been discontinued shortly 
before death. Two of the dogs also showed obstruction of the major ducts 
with acute pancreatitis. In view of recent demonstrations of the amyloid 
nature of the hyaline material found in the islets of Langerhans in some 
cases of human diabetes,!* 5° it is worth mentioning that the hyaline 
material described by Richardson®*®” gave the staining reactions of 
collagen while tests for amyloid material were negative.*™ 

Although dogs are evidently highly susceptible to the effects of anterior 
pituitary extracts, Young®® was unable to produce permanent diabetes 
by injections of such extracts in mice, rats, guinea pigs, rabbits or cats. 
Even during the course of the injections, mice, rats and guinea pigs 
showed practically no evidence of metabolic disturbance, while a minor 
proportion of the rabbits and cats exhibited only a slight and temporary 
glycosuria and ketonuria. Richardson and Young, however, were able 
to show by the use of a quantitative method of estimation of the volume 
of islet tissue, that in young rats treated daily for 2 weeks with a crude 
anterior lobe extract the amount of islet tissue was approximately doubled. 
Marks and Young*® found that in such rats the insulin content of the 
pancreas was increased to nearly twice the normal value. More recently, 
Ogilvie® has shown that a similar increase in the volume of islet tissue 
occurs in rabbits subjected to daily injections of a crude saline extract of 
anterior pituitary gland. The increase in islet tissue was due to enlarge- 
ment of the islets to about twice their original size, the number of islets 
remaining constant. Marks and Young*® give reasons for believing that 
these effects are caused by an anterior pituitary pancreatropic factor 
which is not identical with either the diabetogenic or growth-promoting 
principle. 

While intact cats are resistant to the effects of anterior pituitary extracts, 
Lukens and Dohan** have succeeded in producing pituitary diabetes in 
cats previously deprived of one-half to three-fourths of the pancreas. 
The partial pancreatectomy was not of sufficient extent to produce diabetes 
of itself, but daily injections of anterior pituitary extract for several 
weeks produced diabetes of varying severity which persisted indefinitely 
after cessation of the injections. The changes in the islets of Langerhans 
were of the same character as in dogs, consisting of degranulation of the 
beta cells followed by hydropic degeneration. In the cat, however, 
hydropic degeneration persisted in a reversible state much longer than 
in the dog and was the characteristic finding during the first 3 months of 
diabetes, including the period of injections and the early period of perma- 
nent diabetes. Only after 3 or 4 months of diabetes were the islets found 
itrophic as compared with 3 to 4 weeks in dogs. They were then reduced 
in size and number and composed almost entirely of alpha cells with a few 
iydropic beta cells. Hyaline deposits and slight fibrosis were found in 
the islets of several cats observed for long periods. In several instances, 
too, the islets were infiltrated with lymphocytes and occasional neutro- 
hils. Hyaline degeneration was frequently associated with interstitial 

ancreatitis as in Richardson’s dogs.™ 

Campbell, Haist, Ham and Best have shown in dogs that the con- 

urrent administration of insulin hinders the development of hydropic 
egeneration in the islands of Langerhans which usually occurs during 
ie period of injection of anterior pituitary extracts. In partially pan- 
eatectomized cats, Lukens and Dohan**4® found that suitable treat- 
ent within the first 3 months of diabetes resulted in restoration of the 
‘ets of Langerhans to a practically normal appearance and recovery of 
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the animals from diabetes, a recovery that was maintained after therapy 
was discontinued. Reduction in diet was found to be adequate treatment 
only if the diabetes was very mild, while treatment with insulin was 
effective regardless of the severity of the disease. Reduction of the blood 
sugar to normal by treatment with phlorhizin was equally effective.‘ 
When treatment by diet, insulin or phlorhizin was delayed until after 
3 months of diabetes, that is, until the time when atrophy of the islands 
had occurred, recovery did not follow. 

The pathogenesis of the lesions of the islets in anterior pituitary dia- 
betes has been discussed in greatest detail by Ham and Haist.* Because 
of the very close resemblance of these lesions to those observed by Homans™ 
and Allen®* in animals rendered diabetic by partial pancreatectomy, 
Ham and Haist, as well as Richardson,™ were satisfied to regard the 
progressive degranulation and hydropic degeneration of the beta cells as 
having been caused by stimulation of these cells to excessive function. 
As to the cause of this stimulation, the arguments of Ham and Haist, which 
can scarcely be reproduced here, led to the conclusion that anterior 
pituitary extracts may act in two general ways to cause the beta cells to 
overwork: (1) by acting on tissues and organs other than the pancreas 
so as to increase the need for insulin, for example, by increasing the 
amount of carbohydrate to be metabolized and also by makirg insulin 
relatively ineffective; and (2) by exerting a trophic effect on the pancreas. 
The latter is indicated by mitotic activity in the islets and other epithelial 
elements of the pancreas and may be a factor in permitting the beta 
cells to secrete at a destructively high rate. In accordance with these 
conclusions, Ham and Haist thought that the early stages of diabetes 
produced by anterior pituitary extracts could be explained primarily by 
increased needs for insulin. The permanent diabetes persisting after the 
cessation of injections could be explained primarily as the result of dimin- 
ished production of insulin owing to destruction of beta cells during the 
first stage. 

As to the mechanism by which the beta cells may be stimulated to 
excessive function, Ham and Haist,* on the basis of several pieces of 
evidence, suggested that insulin secretion may be controlled by the blood 
insulin level and, therefore, that lowering of the level of insulin in the blood 
may impose an excessive functional strain upon the beta cells. This is 
essentially the same idea as that put forward by Allen™ long ago on the 
basis of his experiments with partially depancreatized dogs. In such 
animals treated with phlorhizin, Allen*4 found that hydropic degeneration 
of the beta cells developed in spite of maintenance of the blood sugar at 
or below normal levels. This was one of the principal points of his evi- 
dence to show that hyperglycemia of itself was not responsible for the 
damage to the beta cells. Lukens, Dohan and Wolcott,4%4* however, in 
their recent studies of anterior pituitary diabetes in cats observed that 
lowering of the blood sugar level by means of phlorhizin for a period of 2 
to 3 weeks led to recovery from diabetes and restoration of the islets te 
their normal state. This and other evidence adduced by them led Lukens 
Dohan and Wolcott*** to suggest that hyperglycemia is the essentia 
factor in the production of damage to the islets of Langerhans. The) 
challenged the theory of functional “strain” on the beta cells largel) 
because of its vagueness but submitted no alternative suggestion as to the 
mechanism involved. 

Alloxan Diabetes. The most recently discovered form of experimenta 
diabetes is that produced by alloxan. As long ago as 1937, Jacobs*® noted 
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that the intravenous administration of alloxan in rabbits caused a transi- 
tory elevation of the blood sugar followed by profound hypoglycemia 
usually with death in convulsions in 7 to 10 hours unless this were averted 
by intravenous injections of glucose. Jacobs made no histologic examina- 
tions of the tissues and was unable to explain these effects. Some years 
later in 1943, Dunn, Sheehan and McLetchie,” apparently without knowl- 
edge of Jacobs’ work, also gave intravenous injections of alloxan to rabbits 
with the aim of producing renal damage. The purpose of the experi- 
ments was frustrated by death of the animals within a day or two in a state 
of collapse with subnormal temperatures. It was observed that there 
was an initial rise of the blood sugar followed by an intense and fatal 
hypoglycemia. However, the most important contribution was their 
observation that these manifestations were accompanied by selective 
necrosis of the islets of Langerhans of the pancreas. None of the animals 
survived to exhibit signs of diabetes. 

Very shortly afterwards, Brunschwig, Allen, Goldner and Gomori!” 
observed several rabbits which survived injections of alloxan but exhibited 
only transitory hyperglycemia. They also reported hyperglycemia sus- 
tained for 2 or 3 weeks in 5 dogs following alloxan injection. Almost 
simultaneously, Bailey and Bailey™ reported that rabbits could be carried 
through the stage of hypoglycemia by repeated intravenous injections of 
dextrose with the subsequent establishment of a persistent diabetic state. 
A further report by Dunn and McLetchie* showed that subcutaneous 
injections of alloxan in rats could likewise produce necrosis of the islets 
of Langerhans and permanent diabetes. Goldner and Gomori*™ subse- 
quently described the production of necrosis of the islets and diabetes in 
dogs by means of a single intravenous injection of alloxan. These early 
observations were quickly confirmed by a number of other investigators 
in different parts of the world. The studies of the effects of alloxan have 
since been extended to several other species of animals and numerous 
investigations have been directed toward elucidation of the mechanisms 
involved. 

Gomori and Goldner*” in their paper on alloxan diabetes in white rats, 
reported their failure to produce the same effects in hooded rats given 
intraperitoneal injections of alloxan. Accordingly, they regarded hooded 
rats as being resistant. However, Duff and Starr?!" were successful in 
producing necrosis of the islets and persistent diabetes in hooded rats by 
ingle subcutaneous injections of alloxan in a slightly larger dose. Goldner 
ind Gomori*” tried the effects of alloxan in guinea pigs, cats and pigeons, 
as well as in rats, rabbits and dogs and found all of these species to be 
sensitive in various degrees to alloxan. Diabetes has not been observed 
in guinea pigs since lesions of the islets are found only in the animals 
hat die within 24 hours after injection of alloxan.2® In pigeons, alloxan 
‘auses a disturbance not only of carbohydrate but of uric acid metabo- 
ism.** Mirsky® has recently shown that alloxan injection in the duck, 
vhile it causes necrosis of the islets of Langerhans, is as ineffective as 
urgical pancreatectomy in producing diabetes in this species. Banerjee® 

rst produced alloxan diabetes in rhesus monkeys and this observation 
as been confirmed,?® but human subjects tolerate repeated relatively 
\assive, intravenous doses of alloxan without the development of diabetes 
nd without significant histologic changes in the islets of Langerhans." 
riedgood and Miller?’ have demonstrated that alloxan injected intra- 
enously in pregnant rats passes rapidly through the placenta and appears 

the fetal blood stream. While diabetes developed in pregnant rats 
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injected shortly before parturition, the offspring showed no signs of dia- 
betes and their pancreatic islets presented no definite pathologic change. 

Alloxan, the ureide of mesoxalic acid, is a colorless powder easily soluble 
in water or alcohol. It is administered in 2 to 5% aqueous solution intra- 
venously, intraperitoneally, or subcutaneously. The last 2 routes are 
the least satisfactory because alloxan solution is distinctly acid and 
cannot be neutralized without inactivation of the alloxan.*® More- 
over, alloxan is rapidly destroyed in the body, and in rabbits sub- 
cutaneous or intraperitoneal injections are ineffective,* though effective 
in rats.®7!¢.24,3l@ A single injection is sufficient to produce the desired 
results, although divided doses at short intervals have frequently been 
successfully employed. Alloxan is capable of injuring the renal tubular 
epithelium as well as the islets of Langerhans and if the diabetogenic dose 
is much exceeded the animal dies in a few days of uremia superimposed 
on diabetes. Still larger doses cause a toxic death in a few hours. As 
Goldner”® has pointed out, the margin between the diebetogenic, uremic 
and fatal dose is widest in the rabbit, rat and dog, narrower in the monkey 
and smallest in the cat, guinea pig and pigeon. Different species vary in 
their sensitivity to alloxan and individual variations between members of 
the same species are considerable. An animal that has proved refractory 
to a first dose of alloxan seldom responds to subsequent doses.?!?:302 33.48 
Among the various species tested the greatest sensitivity is found in the 
dog, in which the diabetogenic single dose of alloxan is 50 to 100 mg. per kg. 
of body weight intravenously.2® Other species in order of decreasing 
sensitivity, with the diabetogenic doses of alloxan, are as follows: monkey 
(100 to 150 mg./kg. I.V.), cat (150 mg./kg. I.V.), pigeon (125 to 200 mg./kg. 
I.V.), rabbit (100 to 200 mg./kg. I.V.), and rat (including hooded) (200 
to 300 mg./kg. subcutaneously or intraperitoneally).2® Human beings 
tolerate doses of 600 to 1000 mg. of alloxan per kg. of body weight intra- 
venously without the development of diabetes and without histologic 
effects on the islets of Langerhans." 

In their first report on the effects of alloxan, Dunn and his co-workers* 
mentioned that a quinoline compound, Styryl-Quinoline No. 90, had 
effects like those of alloxan when injected into rabbits. Jacobs,** Thoro- 
good,®* and Goldner and Gomori*” tested in animals a variety of chemicals 
related to alloxan and the latter investigators also tried quinoline com- 
pounds and various oxidizing substances, but no effects similar to those of 
alloxan were observed. Although alloxantin was among the chemicals 
tested with negative results,*”** Koref, Vargos, Rodriguez and Telchi* 
later reported the production of necrosis of the islets of Langerhans and 
diabetes in rabbits injected with alloxantin. Their observations have 
been confirmed by Bailey and Bailey.” Weinglass, Frame and Williams® 
have recently demonstrated inhibition of the diabetogenic action of 
alloxan by the intravenous injection of several substances that combine 
chemically with alloxan or inhibit some of its chemical actions. These 
were ineffective when injected more than 5 minutes before or after alloxan. 

The histologic changes in the islets of Langerhans following a single 
injection of alloxan, as described by various investigators, appear to be 
practically identical in rabbits®*:7 1! 23.25.3033 and in rats. 
both species, even as early as 5 minutes after the injection of a diabetogenic 
dose of alloxan, slight but definite changes are discernible in the nuclei 
and cytoplasm of the beta cells with a suggestion of some diminution of 
their specific granules.’7** At from 10 to 15 minutes after injection there 
is a definite reduction of granules.?** These changes affect first the beta 
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cells at the centers of the larger islets.7** Before the end of 1 hour there 
is some shrinkage of the affected cells which appear more closely packed? 
and there is a corresponding widening of the pericapillary spaces.** By 
the end of 1 to 2 hours definite pyknosis of nuclei is evident?" 4 and 
this becomes progressively more conspicuous and extensive in the next 


few hours. At the end of 3 hours some of the affected cells may be detached 
from one another and rounded in shape with homogeneous, eosinophilic 
cytoplasm.’ !*2 In the ensuing hours the cytoplasm may become further 
shrunken’ *!¢ or may show conspicuous swelling.2* Signs of disintegra- 


tion of the cytoplasm with coalescence of the most affected cells begin to 
appear. While shrunken, pyknotic nuclei may remain visible for 16 to 
24 hours or more, increasing numbers of nuclei begin to show karyolysis 
and there is evidence of complete disintegration and disappearance of 
individual cells from 5 hours onward.? These changes continue, until at 
the end of 20 to 24 hours the centers of the islets are occupied only by 
pale staining granular débris in which the shadows of nuclei and occasional 
necrotic cells can barely be recognized.7?!¢*5.*4253¢ The time of final 
disappearance of the specific granules of the beta cells is variously reported 
at from 15 minutes** to 2 or 3 days.*" 

Following small single doses of alloxan, the changes in the islets are of 
the same kind as described above, but of less severe degree. On the 
other hand, after massive single doses of 700 mg./kg. subcutaneously in 
hooded rats, Duff and Starr?!’ found the changes leading to necrosis were 
greatly accelerated. The state of the islets at the end of 8 to 10 hours 
was comparable with that just described at the end of 24 hours after the 
injection of the customary diabetogenic dose of alloxan. 

While the changes described are proceeding in the beta cells, the periph- 
erally placed alpha cells remain for the most part undamaged though they 
may show some swelling and evidence of slight degenerative change.” 
Accordingly, many of the islets show a necrotic center surrounded by a 
layer of surviving alpha cells. Some of the alpha cells, however, may suffer 
greater injury leading to necrosis of single cells here and there.?!¢?.24.38 
According to some descriptions, all of the cells of both alpha and beta 
types are apparently destroyed in practically all of the islets.5**7 

The extent of the damage in the initial stages seems to determine what 
may be observed later. In any case the necrotic débris is rapidly removed 
so that no trace of it is left after 3 to 5 days and there is a corresponding 
collapse of the islet structure. When destruction of islet tissue has been 
extensive there is frequently recorded at the end of 5 days or more after 
injection the impression of great scarcity of islets in the pancreatic tis- 
6.7.11 .2la,28.24.25 even though small islets may be identified here and there 
on closer examination. In both rabbits and rats after more prolonged 
periods there are recorded instances in which it was impossible to find 
any islet tissue at all.°*4%8 On the other hand, a peripheral layer of 
alpha cells is frequently spared and even a few of the beta cells may 
escape destruction. In this event, when the débris of necrotic cells has 
disappeared, the islets may be found in normal numbers and even of 
normal appearance when examined with ordinary stains, though they are 
frequently reduced in size. However, stains for specific granules show 
that the islets consist either of alpha cells exclusively or of alpha cells with 
a few non-granular cells of indifferent type.’"*** It has been sug- 
gested that the alpha cells actually increase in number,’ *”*!¢ but mitotic 
figures have been only rarely observed amongst the surviving cells.” *4:*!4 
Hydropic changes in beta cells have never been observed during the early 
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development of the lesions described and, indeed, such changes have been 
reported in only 2 instances in rabbits rendered diabetic by alloxan and 
examined after 48 and 58 days respectively.“ The hydropic degenera- 
tion in these animals was attributed by the authors to the effect of hyper- 
glycemia on beta cells that had escaped destruction by alloxan. 

Although the production of alloxan diabetes in dogs has been reported 
by several investigators," 163° the histologic changes in the pancreas 
have been described in detail only by Brunschwig and Allen" and Goldner 
and Gomori.*** The changes that they observed in the islets of Langer- 
hans are similar to those described in rats and rabbits. The alpha cells 
remain well preserved and numerous while the beta cells are mostly 
destroyed, and those that remain show loss of granules by the 3rd day.3” 
The islets become somewhat shrunken and less conspicuous than normal 
and consist of well-preserved alpha cells possibly in increased numbers 
together with a few beta cells lacking in granules, or small non-granular 
cells of unidentifiable type. Goldner and Gomori*” also observed extreme 
vacuolation or hydropic degeneration of the epithelium of the intralobular 
pancreatic ducts in dogs rendered diabetic by alloxan and examined at 
16 to 18 days. In other animal species****°¢ the effects of alloxan an 
the islets of Langerhans appear to be essentially the same as in rats, 
rabbits and dogs, though the histologic changes have not been described 
nearly so carefully. It seems clear that in all species the beta cells bear 
the brunt of the injury and that the alpha cells, if they are injured at all, 
are the last to be destroyed. 

The effects of repeated small doses of alloxan have been studied by 
several investigators. In 2 rabbits given daily intravenous injections of 
alloxan in doses of 40 mg./kg., Bailey and co-workers®? observed the 
development of diabetes after the 7th and 13th injections respectively. 
The animals were then sacrificed for histologic examination which revealed 
unique lesions of the islets of Langerhans. Some of the islet cells, espe- 
cially those at the periphery, appeared essentially normal. In other cells 
the nucleus and the ground substance of the cytoplasm were well pre- 
served, but no granules were present. Numerous cells presented the 
typical appearance of hydropic degeneration and a few of these showed 
irreversible nuclear changes. Mitotic figures were seen in several islet 
cells but in no case was there more than one mitosis in a single islet. 
As the authors commented,* “ This complex picture of normal cells, slightly 
injured cells, cells with hydropic degeneration, irreversibly damaged cells 
and a mitosis in a single islet is not clearly duplicated in any other form 
of experimental diabetes or in human patients.” 

Hughes and Hughes* gave rats daily subcutaneous injections of alloxan 
in doses ranging from 1 to 125 mg./kg. With the latter dose after periods 
of treatment of 2 weeks to 2 months, degenerative changes were found 
in the beta cells of the islets of Langerhans, consisting of various degrees 
of degranulation of the cytoplasm and pyknosis of nuclei. With daily 
doses of 25 mg./kg. or less, there was little sign of damage to the islet cells 
until the end of 2 months. Measurements of the diameters of the beta 
cells in islets of different sizes in normal and treated animals, together 
with observations of the distribution of beta cells injured by alloxan, led 
to the conclusion that there is in the normal pancreas a cycle of maturation 
and enlargement of the islets followed by involution and cell shrinkage. 
Alloxan in the low dosage employed caused destruction of the older beta 
cells only, which in the normal pancreas, are found in the largest islets. 
Duff and Starr*” tried the effects of repeated doses of alloxan in hooded 
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rats. Subcutaneous doses of 50 and 75 mg./kg. repeated daily for periods 
up to 80 days produced no effect on the blood sugar level nor any evident 
histologic alteration in the islets of Langerhans. Following daily doses 
of 100 mg./kg. in several animals the blood sugar rose on the 4th day to a 
level in the neighborhood of 200 mg. % and so remained for several days. 
The blood sugar then fell to 150 mg. %, and never rose again above that 
level. Such doses of alloxan were continued for periods up to 50 days, 
but histologic examination of the pancreas revealed only slight pyknosis 
of nuclei in the central cells of some of the larger islets. There was no 
sign of fibrosis or hyalinization such as is found in some human cases of 
diabetes.© 

Almost all authors who have described the pancreas following alloxan 
injections in the various species studied have noted at every stage a 
complete lack of cellular inflammatory reaction, either in relation to the 
necrotic islets or in the remainder of the pancreatic tissue. Apart from 
the vacuolation of intralobular pancreatic ducts described in dogs by 
Goldner and Gomori,*™ all agree that the duct and acinar tissue of the 
pancreas in all species is maintained in essentially normal state. How- 
ever, Duff and Starr! observed in hooded rats a very striking increase in 
mitotic figures in the acinar cells of the pancreas beginning at 2 hours 
after injection of alloxan and reaching a peak at 17 hours. Thereafter 
the number of mitotic figures decreased to approximately normal rarity by 
the end of 24 hours. The significance of this observation is not apparent. 

Apart from the pathologic changes in the pancreas, alloxan in dia- 
betogenic doses causes no very striking lesion except in the kidneys, 
where degrees of damage varying from slight degenerative change to 
necrosis of the epithelium of the convoluted tubules are frequently men- 
tioned.® Extreme fatty infiltration of the liver is found in 
dogs after alloxan injection*” but in other animals fatty changes in the 
liver are minimal or absent.®:7!¢.*4.1¢.38 The pituitary, thyroid and para- 
thyroid glands, when mentioned, have invariably been described as 
essentially normal.’ ?'*?324 The adrenal glands are usually described 
either as normal or as showing slight and variable histologic changes 
duplicated in control animals or interpreted as having no significance by 
those who observed them.®7:2!¢.25.24.30@ However, Hard and Carr® sug- 
gested that importance may be attached to their finding of areas of frag- 
mentation and shrinkage of cells of the adrenal medulla seen shortly 
after the injection of alloxan. Kennedy and Lukens* found that a dia- 
betogenic dose of alloxan causes hemolysis in rabbits and a rapid fall of 
the red blood cell count to 1 or 2 million but the count returns to normal 
in about 3 weeks. 

In animals rendered diabetic by alloxan, the glycogen content of the 
liver has been reported to be within normal limits, but more frequently 
is reduced in amount.” 3le.46 Histologic studies failed to reveal an 
increase of glycogen in the heart muscle of diabetic rats,24* but Lackey 
et al.*© found by chemical analysis a significant increase in the glycogen 
content of the heart muscle and a decrease in that of skeletal muscle. 
If glycosuria has been present, glycogen may be demonstrated in the 
tubular epithelium of the kidney, especially that of Henle’s loops.*!*:79. 4.4 

Although the clinical course of alloxan diabetes differs somewhat in 
different animal species,” the classical signs of diabetes mellitus, hypergly- 
cemia, glycosuria, polyuria, polydipsia, polyphagia, loss of weight, hyper- 
lipemia, ketonuria, acidosis and coma have all been observed repeatedly 
by different investigators. In addition, there is an unusual susceptibility 


t 
y 
Is 
n 
n 
Is 
d 
ls 
ta 
er 
yn 
ta 
ed 


392 PROGRESS OF MEDICAL SCIENCE 
to infections, especially in dogs.2® Even more important is the observa- 
tion of Bailey et al. in Boston of the development of cataracts in 5 rabbits 
beginning 4 to 6 weeks after induction of diabetes®’ and in 2 diabetic rats 
kept alive for 4 months after injection of alloxan. Cataracts seemed to 
develop more quickly and to progress further in rabbits with poorly 
controlled diabetes than in those receiving insulin.’ It appears to be 
questionable whether the development of cataracts is solely dependent on 
the diabetic state for they have not been observed in association with 
protracted alloxan diabetes in any animal species by other groups of 
investigators in Philadelphia,“ Chicago*®*°*! and Montreal.*!  Arterio- 
sclerosis has been sought, but not found, in association with alloxan 
diabetes; it has not been seen even in rabbits’: in which the arterial 
system is notoriously sensitive to injury. 

Everything that has been said up to this point has had reference to the 
effects of alloxan in intact animals, but its effects have also been studied 
in animals subjected to adrenalectomy or hypophysectomy. In previously 
adrenalectomized or hypophysectomized hooded rats, Duff and Starr?” 
found that the lesions of the islets of Langerhans following alloxan injec- 
tion develop in a manner quite indistinguishable from that in intact 
animals.4* Bailey made the same observation in rats previously sub- 
jected to hypophysectomy. It seems clear, therefore, that the destructive 
effects of alloxan on the beta cells of the islets are not mediated through 
effects upon either the adrenal or pituitary glands. 

The influence of adrenalectomy and of hypophysectomy on the charac- 
teristic initial fluctuations of the blood sugar level following alloxan 
injection and on the ensuing diabetes have also been studied by several 
investigators whose observations may be summarized briefly. 

It has been demonstrated by Goldner and Gomori®” in rabbits, by 
Kirschbaum, Wells and Molander“ in rats, and by Duff and Starr” in 
hooded rats, that the immediate hyperglycemia following characteristi- 
cally within the first few hours after injection of diabetogenic doses of 
alloxan is practically abolished by bilateral adrenalectomy. All of these 
investigators found also that the phase of hypoglycemia occurred earlier 
and was more profound than in intact animals. All adrenalectomized 
animals exhibited hypoglycemic convulsions, even though in the case of 
the rats, hypoglycemic convulsions were never observed in intact animals 
given identical doses of alloxan.”** Goldner and Gomori®” obtained the 
same effects in 3 rabbits by destruction of the adrenal medulla alone, but 
this observation was not confirmed by Kirschbaum ef al.“* who found 
that the presence of regenerated adrenal cortical tissue following adrenal 
enucleation in 3 rats was sufficient to prevent the occurrence of hypo- 
glycemia. Janes and Friedgood*® have recently demonstrated that 
adrenalectomy in rats previously rendered diabetic by alloxan is followed 
by a marked reduction or complete disappearance of diabetic symptoms, 
a response similar to that shown by pancreatectomized animals. 

Kirschbaum et al.“ found that injection of alloxan in previously hypoph- 
ysectomized rats produced an initial blood sugar curve similar to that 
observed in adrenalectomized animals. The usual immediate hyper- 
glycemic reaction was lacking and there was early appearance of profound 
hypoglycemia and convulsions within 6 hours after injection. The 
observations were not carried beyond this time. Although it is not so 
stated, it appears probable that these animals were starved for some 
hours before injection of alloxan and perhaps throughout the experiments. 
Duff and Starr,?” in hitherto unpublished experiments in hooded rats, 
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found that if hypophysectomized animals were allowed food ad lib. before 
and after injection of alloxan, the subcutaneous injection of a diabetogenic 
dose was regularly followed by an immediate and rapid rise of blood sugar 
within the first 2 hours to levels slightly higher on the average than those 
observed in intact animals.24* This was followed by a precipitous fall of 
the blood sugar to hypoglycemic levels. This fall continued more gradu- 
ally until hypoglycemic convulsions occurred in the majority of the ani- 
mals at from 8 to 18 hours after injection. Some of the animals died in 
convulsions but others, with or without convulsions, survived and were 
sacrificed for histologic examination at intervals up to 5 days. Although 
histologic studies showed destruction of the islets of Langerhans quite as 
extensive as in intact animals,” there was no evidence of diabetes during 
the periods of survival. The blood sugar remained at more or less normal 
levels, but there were irregular fluctuations somewhat above and below 
the normal limits. The suppression of diabetes in these experiments is 
comparable with the beneficial effect of hypophysectomy in animals 
rendered diabetic by pancreatectomy as first observed by Houssay and 
Biasotti.® 

The mechanism by which alloxan causes the characteristic initial 
fluctuations of the blood sugar level and necrosis of the islets of Langerhans 
has been the subject of numerous investigations. Jacobs,*® who was 
unaware of its destructive effects on the islets, compared the hypoglycemic 
action of alloxan with that of insulin. It has since been shown that 
alloxan does not exert a hypoglycemic effect in depancreatized dogs*” 
nor in animals previously made diabetic with alloxan.*:*:* Thus, it is 
clear that absence of intact islets of Langerhans robs alloxan ‘of its ability 
to produce hypoglycemia. Alloxan does not inhibit the effect of insulin 
when they are injected simultaneously,*”* nor is insulin inactivated by 
alloxan in vitro.2° Corkill, Fantl and Nelson'® have demonstrated in 
the spinal eviscerated cat that alloxan per se has no effect on the utilization 
of glucose nor on the blood sugar level. 

Dunn and his collaborators,” on their discovery of the fact that alloxan 
causes necrosis of the islets of Langerhans, were impressed by the selective 
character of this injurious effect and thought that it was best explained 
on the basis of a disturbance involving their special function. They, 
therefore, suggested the possibility that alloxan produced a mobilization 
of carbohydrate, causing the initial hyperglycemia, to which the cells of 
the islets reacted by an excessive outpouring of insulin. This would 
account for the rapid fall of blood sugar which ushers in the hypoglycemic 
phase of the reaction. Moreover, it was suggested that the necrosis of 
the islet cells which occurred during the same period could be explained 
by this overstimulation of the cells to the point of destructive functional 
activity. This interesting hypothesis was later disproved by several 
experimental observations. Goldner and Gomori*”-* demonstrated that 
prevention of the initial hyperglycemia by insulin and of the ensuing 
hypoglycemia by glucose injections does not prevent destruction of the 
beta cells nor the ultimate appearance of diabetes. The initial hyper- 
glycemia following alloxan injection is also prevented by adrenalectomy, 
but this does not protect the islets from necrosis.2 Moreover, the histo- 
logic studies outlined in preceding paragraphs show that degenerative 
changes appear in the beta cells within 5 minutes after the injection of 
illoxan and that these changes have progressed to necrosis of many of 
the cells by the time hypoglycemia makes its appearance. These facts are 
carcely consistent with the idea of necrosis caused by exhaustion from 
xcessive secretion of insulin. 
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Bailey and Bailey™ suggested that the immediate hyperglycemia fol- 
lowing injection of alloxan was a non-specific effect and that the hypo- 
glycemic phase might be due simply to the escape of a large amount of 
insulin from the dying islet cells. Hughes, Ware and Young*® proposed 
the same hypothesis with the additional suggestion that the initial hyper- 
glycemia was caused by a release of adrenalin. They added support to 
this idea by showing in the rabbit that the typical blood sugar curve 
observed during the first 8 hours after injection of alloxan could be dupli- 
cated by the injection of adrenalin and of a quantity of insulin equal to 
that contained in the pancreas of a normal rabbit. - If this hypothesis is 
correct, bio-assay of the insulin content of the pancreas at intervals after 
alloxan injection should reveal a profound decrease of insulin content 
during the acute phase of the reaction, the decrease beginning after necrosis 
of islet cells has begun to occur. This is precisely the observation recorded 
by Ridout, Ham and Wrenshall® in a study of this kind carried out in 
rats and dogs. Not only is this observation in accord with the theory 
outlined above, but so also are all of the data on the effects of alloxan 
accumulated up to the present time and summarized in the preceding 
pages of this review. 

Of course, it is implicit in the hypothesis proposed by Hughes, Ware 
and Young** that the cells of the islets of Langerhans are killed by a direct 
selective action of alloxan upon them, and there is evidence that the injury 
is inflicted in a very short space of time, not exceeding 5 minutes after 
injection. Alloxan is inactivated by neutralization” and it seems obvious 
that neutralization by buffers of the body fluids would occur very shortly 
after injection.*” Leech and Bailey,*? employing a quantitative chemical 
method devised by them for the determination of alloxan in blood, have 
demonstrated in rabbits that injected alloxan disappears almost com- 
pletely from the blood within 2 minutes. Substances that inhibit the 
diabetogenic action of alloxan are ineffective when injected more than 
5 minutes after alloxan. Gomori and Goldner*” have shown that inter- 
ruption of the blood supply to a portion of the dog’s pancreas during and 
for a period of 1 to 6 minutes after injection of alloxan, will protect the 
islets in that part of the pancreas from alloxan damage. Thus the injury 
produced by alloxan is known to be very acute and all evidence points to a 
direct action of this chemical upon the islet cells, but the reason for the 
high susceptibility of the beta cells to damage by alloxan and the means 
by which it exerts its cytotoxic effect remain obscure. 

Alloxan diabetes, when it is established, is evidently caused by a relative 
or absolute deficiency of insulin production owing to destruction of the 
beta cells of the islets. This concept is supported not only by logic and 
by metabolic studies,”?* but by the direct observation of Goldner and 
Gomori*” that the insulin content of the pancreas of dogs made diabetic 
by alloxan is reduced to about one-fourth of the normal value. 

Comment. Between the surgical diabetes produced by partial pancreat- 
ectomy and the endocrine diabetes produced by anterior pituitary extracts, 
there are many similarities and relatively few differences. Both of them, 
however, differ in several important respects from the chemical diabetes 
produced by alloxan, as Goldner”® has pointed out. In all 3 forms of the 
experimental disease, the final permanent phase of the diabetes is caused 
primarily by a deficiency of insulin occasioned by loss of the beta cells of 
the islets of Langerhans, but the stages leading up to this deficiency differ 
considerably. 

The hydropic degeneration of the beta cells produced by partial pan- 
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createctomy appears to be identical with that produced by anterior 
pituitary extracts. This change is at first reversible and only later 
progresses to irreversible cell damage. In both instances hydropic degen- 
eration is probably caused by the excessive functional demands associated 
with hyperglycemia. Consequent upon this demand there is excessive 
secretory activity and “overstrain” of the cells. The hydropic changes 
in the beta cells can be promoted by increasing the strain through the use 
of a high carbohydrate diet; they can be prevented or reversed in the early 
stages by relieving the strain through dietary restriction or treatment 
with insulin in the case of surgical diabetes, or, in the case of anterior 
pituitary diabetes, by stopping the injections of anterior pituitary extract 
or by treatment with restricted diet, insulin or phlorhizin. In both 
types of experimental diabetes an initial elevation of the blood sugar 
appears to be essential to the production of permanent diabetes and the 
rate of progression of the cellular changes in the pancreatic islets is roughly 
proportional to the degree of hyperglycemia. In all of these respects, 
these 2 forms of experimental diabetes differ from alloxan diabetes. 

In alloxan diabetes, the beta cells of the islets show, from the beginning, 
degenerative changes that lead quickly to necrosis without the appearance 
of a stage in any way resembling hydropic degeneration. The necrosis is 
probably caused by the direct action of alloxan on the islet cells and this 
injury is irreversible. Necrosis of beta cells follows a diabetogenic dose of 
alloxan regardless of the carbohydrate content of the diet or the absence 
of food.” Prevention of the initial hyperglycemia by treatment with 
insulin or phlorhizin does not prevent necrosis of the islets of Langerhans 
nor the subsequent appearance of diabetes; nor does such treatment 
permanently improve the diabetes once established.*”¢ 

Surgical diabetes can be produced in certain animals (e. g., dogs and 
cats) by a single operation requiring no great technical skill. Endocrine 
diabetes is brought about by repeated injections of anterior pituitary 
extract continued over a period of days or weeks. Chemical diabetes, on 
the other hand, can be produced within a space of 24 hours by a single 
injection of alloxan. Moreover, alloxan is effective in small laboratory 
animals such as rats and rabbits which are refractory to the diabetogenic 
effects of anterior pituitary extract. In these species, too, the production 
of diabetes by pancreatectomy is scarcely feasible for large scale research 
because of the technical difficulty of excising a sufficiently large proportion 
of the pancreatic tissue and the consequent uncertainty of the results. 
[t is obvious, therefore, that the discovery of the diabetogenic property of 
alloxan has placed in the hands of investigators an invaluable new tool for 
the prosecution of further research in the field of diabetes. 

The various methods available for the experimental production of dia- 
betes in animals have not been conspicuously successful in reproducing 
esions of the islets of Langerhans similar to those encountered amongst 
1uman cases of diabetes mellitus.*' The hydropic degeneration of the 
eta cells observed in animals with surgical or endocrine diabetes does, 
owever, appear to be an exact replica of the hydropic changes seen in 
ertain human cases. Hydropic degeneration of the beta cells in cases of 
liabetes in man is far from common;*! but it seems reasonable, on the 

isis of the experimental observations, to interpret such changes, when 
bserved, as evidence of functional overstrain. The fibrosis and hyaliniza- 
on of the islets seen in a few animals after prolonged anterior pituitary 
iabetes are suggestively like the alterations observed in some human 
ises of diabetes.** However, such changes seem to occur only irregu- 
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larly in the experimental animals and the significance of these lesions in 
human diabetes is open to question because of their not infrequent occur- 
rence in non-diabetic 

Dunn and his collaborators" > suggested the possibility that alloxan 
might be of importance in the causation of human diabetes. The early 
changes in the islets produced by alloxan do not resemble any lesion com- 
monly observed in human diabetes;*' but Dunn et al.” were able to dis- 
cover in the literature reports of 4 or 5 human cases in which necrosis of 
the islets was described. It seems, however, most improbable at present 
that alloxan plays a réle in the etiology of human diabetes for several 
reasons. There is little, if any, evidence that alloxan has any part in 
physiologic processes in spite of its close relation to uric acid.”® It is very 
rapidly destroyed when injected into animals.*”-*7 Moreover, the high 
resistance of human subjects to the diabetogenic effects of alloxan has 
already been established.":" 
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In both clinical medicine and pathology, emphasis is usually placed on 
the study of differences in clinical manifestations and in pathologic changes 
which are exhibited by different diseases. This is well illustrated by the 
clinical pathologic conference with its stress on differential diagnosis 
through a searching examination for even minute differences in clinical 
manifestations or in pathologic lesions. In view of the practical objective 
of arriving at a correct diagnosis, it is natural that the contrasting of 
lesions either of a given tissue or cell, or the pattern of lesions in different 
tissues or cells, in different diseases should occupy first place. 

From the point of view of understanding the mechanism through which 
a given lesion is produced, it may be equally important to contrast or 
compare different etiologies which produce the same lesion. In other 
word., the convergential study of a number of diseases or etiologies which 
produce the same lesion may be as important in one way as the differential 
study of lesions is in another. In a number of diseases of distinctly differ- 
ent etiologies a highly specific and damaging lesion may occur—motor 
neuron injury or destruction. Certain of these diseases may not be dis- 
tinguished so much by any difference in this important clinical or patho- 
logic manifestation but more by the epidemiologic circumstances under 
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which they occur, by secondary or incidental findings, or by demonstration 
of the etiologic agent itself. 

The motor neuron is one of the most highly individualized cells of the 
body. Both anatomically and physiologically it is extraordinarily special- 
ized, and the difference in its function from that of cells of the body in 
general is as great as that between processes as slow as osmosis and as 
rapid as explosion. It therefore would be expected that this cell is pos- 
sessed of an equally highly specialized biochemical system. 

A number of etiologic agents, the mechanisms of the action of any of 
which are unknown, all produce changes quite distinct from those which 
they may produce in other cells. This in itself suggests that these changes 
may represent disturbances in the biochemical mechanisms which are 
peculiar to these cells. And since both the disturbances in function and 
the pathologic changes in the motor neuron caused by any one of a number 
of etiologic agents takes place under curiously similar circumstances—for 
example, as a rare complication in a number of virus infections which are 
otherwise quite dissimilar—the question is raised whether they are the 
result of a biochemical characteristic which is common to the whole group 
of agents which may induce selective damage to the motor neuron. The 
exact mechanism of neuron damage is not known in any one of these 
diseases. No one of the axone reactions can be removed for exact study 
from the disease process as a whole of which it is a part. On the other 
hand, the chemical configuration of the etiologic agent of one, or of a 
prophylactic or curative agent which counteracts the reaction in another, 
may be known. In some, there is knowledge of the particular circum- 
stances under which neuron damage takes place or of the factors of sus- 
ceptibility, inherent or acquired, which influence its occurrence in the 
course of the different diseases. In others there is a close relationship, 
either genotypic or phenotypic, between a number of etiologic agents, 
which although producing otherwise widely different diseases, are all asso- 
ciated with neuron damage. Furthermore, certain of the etiologic agents 
exhibit a sparring or ‘‘absorption” effect toward others. This would 
suggest that they are capable of occupying and holding identical chemical 
positions within the cell. And still others may have a common capacity 
to produce, for example, a given histo-chernical change in the neuron. 

Thus, from a conjoint study of a number of diseases which, although 
differing widely both in etiology and in character, are all associated with 
the occurrence of a single highly specific cell lesion, and each of which 
is amenable to study in respect to some one aspect of the production of 
the lesion in question, it may be possible to ‘‘synthesize”’ a biochemical 
mechanism which is common to the group. 

An understanding of such a biochemical mechanism conceivably might 
open up new approaches to the control of neuron damage, the one serious 
effect of a number of diseases, through chemical measures which would be 
more highly specific in respect to this lesion than either the chemothera- 
peutic approaches or the individual immuno-biologic procedures, which 
have heretofore been so largely emphasized but with only partial success. 

The review of a number of diseases, in which neuron damage occurs, 
from the point of view of formulating and exploring this idea is the pur- 
pose of this paper. A similar convergential approach was suggested by 
Shattuck** when he stated that alcoholic polyneuritis was “‘caused chiefly 
by failure to take or to assimilate food containing sufficient vitamin B,”’ 
and “‘might be properly regarded as beriberi.”” Later investigations by 
Minot, Strauss and Cobb® established the validity of Shattuck’s observa- 
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tions. Some diseases, many cases of which have at times been designated 
as Landry’s paralysis and which might lend themselves to the study of 
one phase or another of this question are given: poliomyelitis; post- 
Pasteur paralysis; post-vaccinal encephalitis; post-infectious encephalitis 
(virus); encephalitis; herpes zoster; post-diphtheritic paralysis; antitoxin 
and toxoid paralysis (tetanus); tri-ortho-cresyl phosphate; periodic familial 
paralysis (potassium)—post-nephritic (sodium); tick paralysis; nerve sec- 
tion; nutritional deficiency; so-called infectious neuronitis; myasthenia 
gravis; progressive muscular atrophy; venom paralysis; lathyrism. 
Landry’s Paralysis. The identity or at least close similarity in the 
essential lesion in a diverse group of diseases is well illustrated in the 
story of Landry’s paralysis. In a recent textbook" it is called ‘‘a form 
of acute, ascending paralysis. , first described in 1859 and still 
recognized as a clinical entity.”” And yet the text goes on to 
state that the causal agent is not always the same—sometimes the virus 
of poliomyelitis, epidemic encephalitis or acute infectious neuronitis; 
botulism or the paralytic form of rabies. That Landry’s paralysis is a 
syndrome of symptoms which occurs in many diseases, rather than a 
clinical entity, is indicated by the fact that almost every paralytic disease 
in the diversified group discussed in this paper has been designated 
Landry’s paralysis when the progress of paralysis has been ‘‘ascending”’ 
in character. If the celebrated case of ascending paralysis in a person 
named Socrates had occurred in a later era, and had the tragic epidemio- 
logic and etiologic circumstances not been known, it, too, might well have 
been called Landry’s paralysis. Poison hemlock belongs to the parsley, car- 
rot or celery family. Pharmacologically, the alkaloid concerned is known as 


. coniine, which stands between curare, a depressor of nerve endings, and 
» nicotine, a depressor of nerve ganglia. Coniine poisons both nerve end- 
7 ings and nerve ganglia.*7 As a matter of fact, a recent reéxamination of 
a Landry’s original case report ends with the significant query, ‘“Who, in 
rs this vitamin conscious age, will deny that Jean Baptiste Grollier died of 
beri-beri?’’ 
: Thus, Landry’s paralysis as an entity seems to have been finally differ- 
5 entiated out of existence. This has not been so much by the establishment 
of differences in the clinical picture or essential lesion, but by the establish- 
h ment of different etiologies, differences in patterns of distribution or 
> progression of lesions, or by the recognition of one or another incidental 
= symptom or lesion or epidemiologic circumstance. Perhaps, after all, 
. the retention of the term “‘Landry’s paralysis”’ has become in a sense an 
ws expression of something in common in a large group of diseases which even 
| after a long period of differentiation are still not always clearly separable. 
sah In 1910, Oppenheim,” in the course of a discussion which emphasizes 
“a differentiation of the members of a group of diseases in which neuron 
r damage occurs, adds the qualification that “. . . although with 
ch Raymond who regards acute anterior poliomyelitis, polyneuritis and 
nag Landry’s paralysis as a morbid unity and as merely different manifesta- 
ste tions of the same disease (la cellulo-névrite aigue antérieure) we recognize 
wag a genetic relationship.”” Again, “It would seem then that the genetic 
vx relationship between Landry’s acute ascending paralysis and this 1930 
»s type of polyneuritis (tri-ortho-cresyl phosphate paralysis) may be very 
efly close . . . Further evidence to support this view is that the symp- 
P toms and course of Landry’s paralysis can be produced experimentally in 
tie cats by large doses of tri-ortho-cresyl phosphate.’ 


As late as 1937, when the sev eral diseases under discussion had all been 
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established as entities on epidemiologic, etiologic as well as clinical grounds, 
the close similarity in their presenting clinical pictures is well illustrated 
by the confusion in differential diagnosis which arose in cases occurring 
in ““The Strange Durban Epidemic of 1937,” and in those referred to in 
a report received during the epidemic that a French ship, the “Jean L.D.,” 
which had recently called at Durban, was adrift in the English Channel 
with all the crew paralyzed. A Harley Street neurologist on a visit to 
South Africa at the time gave his ‘‘considered opinion” that the epidemic 
was one of atypical acute poliomyelitis. Others thought the disease might 
be ginger paralysis, but there was, in fact, no connection between the 
cases and the consumption of Jamaica ginger; many favored a diagnosis 
of toxic polyneuritis. The occurrence of the disease in the Durban out- 
break mainly, but not entirely, in 5 foci gave strong support to the idea 
of an infectious origin. To deepen the perplexity, 2 cases of polyneuritis 
of the arsenical type cropped up at one of the foci at the critical period. 
Other possibilities considered were the Guillan-Barré syndrome and tick 
paralysis. Thus, the differential diagnosis of the presenting clinical picture 
remained obscure until an ingenious epidemiologic study revealed that 
paralysis in all cases had been preceded by 10 to 12 days by nausea and 
vomiting, and that in turn all cases could be associated, not with the 
consumption of the same food, but with one or another article of food 
consumed at one place or another, but all containing one ingredient coming 
from a single source. Further inquiry revealed that 1 of 15 drums of a 
particular brand of cooking oil evidently had been contaminated with 
tri-ortho-cresyl phosphate, by the packing of cooking oil in an uncleaned 
barrel which had contained lindol.™ 

The Motor Neuron. Not so many years ago, anatomy was restricted 
to the descriptive study of the arrangement of tissues and cells into organs 
as a basis for an understanding of the function of the organ; and histology 
to the arrangement within the cells of morphologic constituents largely 
because of the appearance that they assumed under various staining tech- 
niques devised to render one or another of them visible under the micro- 
scope. Even here, the nature of these cell constituents was important 
chiefly in that it provided a reaction—chromophobe or chromophil— which 
served to differentiate cells primarily in terms of the particular staining 
technique being used. Similarly, the almost universal use of ‘‘chromatol- 
ysis” in pathologic descriptions of the diseases discussed in this paper 
says little beyond the fact that chromatin has lost its affinity for basic dyes. 

The motor neuron reaches the highest degree of anatomic and physio- 
logic individuality. It, unlike any other cell of the body, has sacrificed 
its power of reproduction in its process of specialization. Its long processes, 
dendrites, and axones are protoplasmic continuations of the cell structure. 
In the viscid cytoplasm, many fine granules are visible. Some of these 
are glycogen, others, somewhat larger, are mitochondria. When basic 
dyes are used, large chromatophilic bodies of variable size and arrangement 
fill the cytoplasm. These are irregularly shaped bodies with a granular 
structure. Between them lie only faintly stained spaces through which 
the neurofibrils pass, but these are visible only after impregnation with 
silver salts. These chromatophilic, chromidial or tigroid bodies are called 
Nissl bodies (aggregates of thymonucleic acid), after the great neuro- 
pathologist who first described them. They may be arranged in the form 
of nets, stripes, combinations of nets and stripes, or simply distributed 
irregularly. Nissl bodies are present in the dendritic processes but not 
in the axones. Nissl bodies stain with basic dyes like the nucleus and 
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also contain iron so that they have been considered as extranuclear chro- 
matin. There is probably need for more chromatin in ganglion cells 
than could be produced in the nucleus, in order to maintain the proper 
nuclear-cytoplasm relationship. The size of the cells and their long 
processes makes for an excessively large volume of cytoplasm. Nissl 
bodies, however, give a positive reaction for thymonucleic acid which is 
not obtainable from the nucleus. Bodian and Mellors™ cite evidence 
which indicates that Nissl bodies consist of a protein matrix and an 
attached basophilic component specifically removable by alkalis or ribo- 
nuclease, probably a ribonucleic acid. There is no other positive differ- 
entiation between nuclear and extranuclear chromatin. Thus, by the 
application of a number of techniques, the cytoplasm of a motor nerve 
cell can be shown to be seemingly impossibly filled with either one of 
several substances. It has been questioned whether the cytoplasmic 
granules and especially the Nissl bodies are present in the living cell or 
merely represent the coagulative effects of fixatives on the colloids of the 
cytoplasm. Only recently have the Nissl bodies and granules been 
photographed in the living cell under ultra-violet light by Wiemann.!°* 
Other evidence suggests that they represent living structures even though 
they exist in a different form in the living cell. During activity, as Dolly*? 
has shown, the cells swell and their Nissl bodies fade markedly, suggesting 
that Nissl bodies represent a vital part of this cell, and are concerned 
with the special metabolism associated with its extraordinarily rapid 
changes from rest to complete activity as distinguished from the activity 
of other cells which may at any given moment be, for example, a kidney 
tubule cell, comparatively infinitesimal. Cutting the axones of ganglion 
cells causes chromatolysis. Finally, disease processes produce character- 
istic and relatively constant changes in these structures. These facts, 
in addition to their iron content, suggest that Nissl bodies represent a 
vital part of the cell, and are concerned in the activity of this special type 
of cell—reservoirs of some substance necessary for its extraordinarily rapid 
changes.*’ As with the organ, under the older concept, interest centered 
in the “function,” usually the output of a cell, in terms, for example, of 
secretion or nerve impulse. But anatomy and histology are moving from 
morphology to the application of methods which are revealing the actual 
biochemical processes which go on in a cell, an understanding of which 
will not only explain cell function, but, as well, the biochemical mechanism 
involved in jts pathologic processes. Under this concept, the morphology 
of the cell relinquishes its dominant position, and becomes the framework 
upon which the biochemical system of cell physiology, and, in turn, cell 
pathology operates. 

The significance of the morphologic changes involved in chromatolysis 

representing profound changes in protoplasmic components and energy 
relationships of the cell, has acquired new interest with the convergence 
‘f various lines of investigation from related fields. The well-known fact 
that virus activity produces chromatolysis in the affected nerve cell indi- 
ates the necessity of knowledge of the localization of materials and 
hemical reactions within the cell. The relation of cellular physiology to 
nfection is further emphasized by the observation by Howe and Bodian,® 
hat cells ordinarily susceptible to poliomyelitis virus are rendered rela- 
ively resistant by axone section. 

As pointed out by Bodian and Mellors,™ the “normal” Nissl pattern 

a result of the equilibrium of cytoplasmic nucleoprotein. Depletion 
f these substances might be interpreted as a degenerative change due to 
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increased requirements for protein synthesis following cell injury, as, for 
example, the increased synthesis created by a regenerating axon. To 
quote Bodian and Mellors: ‘The occurrence of chromatolysis in 
various pathologic conditions in which axon regeneration is not involved, 
suggests a shift in the balance of a steady state by differential inhibition 
or acceleration of complex enzyme-regulated reactions. This might be 
expected to have a variable effect on the many qualitatively different 
‘neuron species” present in the nervous system, producing the well- 
known ‘differential vulnerability’™ of different nerve centers to various 
toxic agents, and in a spectacular fashion to poliomyelitis virus. In 
addition to the specific production of chromatolytic changes by toxins 
and neurotropic viruses, interference with enzyme mechanisms by hor- 
monal imbalances* or dietary deficiencies might conceivably in extreme 
cases produce the phenomenon of chromatolysis. Such changes of nerve 
cells have been reported, for example, in thyrotoxicosis.’ *8 

Some knowledge of the biochemical changes accompanying chromatolysis 
has been gained from studies on the response of the neuron to axon section. 
As long ago as 1930, Marinesco™ reported increased proteolytic activity 
in chromatolytic cells. More recently Gersh and Bodian® reported sig- 
nificant changes in the concentration of cytoplasmic ribonucleotide and 
protein during chromatolysis, suggesting alterations of enzymatic activity, 
at least ribonuclease and proteases, and probably other enzymes. Bodian 
and Mellors* found that phosphatase activity also is affected by chro- 
matolysis, in that an increase above the normal range of activity during 
the chromatolytic cycle occurs at the time (or a little later) of the appear- 
ance of histologic changes. The increased phosphatase activity is con- 
fined to the cytoplasm, there being no increase in activity of nuclear 
phosphatase at any stage of chromatolysis, and is sensitive to pH changes. 
Activity appears to be increased by nucleic acid, suggesting ribonuclease 
activity. Experimentally, it has been observed by Allen and Eiler® 
that crystalline ribonuclease liberates phosphoric acid groups from ribo- 
nucleic acid. Bodian and Mellors' suggest a correlation between in- 
creased phosphatase activity and increased synthesis of nucleoprotein, 
since the peak of phosphatase activity in the chromatolytic cycle seems 
to occur with the height of Nissl body breakdown. A selective action on 
acid phosphatase activity is exerted by the adenylic acid and nucleotides 
derived from ribonucleic acid. 

Further evidence of the relationship of these complex enzyme reactions 
to the integrity of the cell can be seen in recent studies on the cytochrome 
oxidase of normal and regenerating neurons. Potter and Albaum’® found 
that cytochrome oxidase was inhibited by ribonuclease. Howe and Mel- 
lors* reported that the maximum reduction of cytochrome oxidase activity 
coincides with the maximum refractoriness of the cell to infection with 
poliomyelitis virus. However, neither phenomenon could be correlated 
with maximal chromatolysis. Following root section, the cell exhibited 
no resistance to virus for about 10 days, after which it rises to a high level 
which lasts for several weeks, or until functional recovery takes place; 
at which time the cell is no longer resistant. These studies suggest a 
relationship between cytochrome oxidase activity and resistance to virus 
infection. As pointed out by Howe and Mellors,“ there is no reason to 
believe that chromatolysis is not a manifestation of regenerative processes 
despite the fact that it occurs in pathologic states in which it obviously 
represents cell damage. The reversibility of the chromatolytic cycle 
indicates that the condition is compatible with cell life. 
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Thus, there is some exact data on the nature and course of chromatolysis 
and its effect on the physiologic integrity of the motor neuron. On the 
other hand, knowledge of the nature of the events inducing chromatolysis 
(other than axone section) is lacking. The term ‘“‘neurotropic,” generally 
used to explain the peculiar selectivity of certain substances for nervous 
tissue is almost as vague, insofar as exact knowledge is concerned, as was 
the term ‘‘chromatolysis” prior to the advent of modern histochemical 
techniques. It seems logical that “‘neurotropism”’ probably depends upon 
the presence in the nerve cell of a chemical substance or function essential 
to the metabolism of viruses or presenting a specific chemical affinity to 
the inorganic ‘‘neurotropic”’ substances. 

Biochemically, one of the characteristics by which the nerve cell is set 
apart from other cells, is the synthesis of acetylcholine. Choline acetylase, 
the enzyme which synthesizes acetylcholine from choline and acetates, is 
present only in the nervous tissue.“ This, together with the presence of 
choline esterase, which decomposes acetylcholine, at or near the surface 
of a neuron in contrast to the respiratory enzymes which are concentrated 
in the axoplasm, suggests the concept that acetylcholine metabolism is 
intrinsic: ally related to the electrical changes occurring during nerve 
activ ity. 

The metabolism of the phospholipids is intimately related to the forma- 
tion of acetylcholine. As Nachmansohn and his co-workers® recently 
pointed out, ““The changes at the neuronal surface during their activity 
and their rapid reversal cannot conceivably be effected without energy 
loss since they must involve processes which are—from the thermodynamic 
point of view—irreversible, and can only be reversed by the free energy of 
chemical reactions. If the release of acetylcholine and its subsequent 
breakdown is responsible for the alterations of the nerve membrane during 
the transmission of the nerve impulse, chemical reactions must supply 
the energy for the resynthesis of acetylcholine.” 

These same authors suggest that the most readily available source 
of energy for endergonic life processes is the energy-rich phosphate 
bond. The concentration of phosphocreatine in the nerve cell is as high 
as that attained in muscle cells. Nachmansohn et al.” have shown that 
the breakdown of phosphocreatine preceded by the breakdown of adeno- 
sinetriphosphate is adequate to account for the electrical energy released 
by the action potential of the thermoelectric organ in the electric eel; 
the energy essential to the original synthesis of phosphocreatine being 
derived from the oxidation of pyruvic acid or glucose. ‘The adenosinedi- 
phosphate formed by the breakdown of adenosinetriphosphate is rephos- 
phorylated by the subsequent breakdown of phosphocreatine. Those 
authors described this chain of biochemical reactions or the “ace tylcholine 
cycle” as follows: ‘The breakdown of acetylcholine by choline esterase 
and eserine is followed by the liberation of a phosphate bond from adeno- 
sinetriphosphate. The adenosinediphosphate thus formed is resynthesized 
to adenosinetriphosphate by the subsequent breakdown of phospho- 
creatine. The resulting creatine is rephosphorylated either by phospho- 
pyruvic adenosinetriphosphate acting as an intermediate, or by the 
oxidation of pyruvic acid. The link between the adenosinetriphosphate 
and acetylcholine may be either acetylphosphate or phosphorylcholine.” 

These reactions occur under aérobic conditions only in the presence of 
glucose or pyruvate, while acetylcholine is synthesized from choline and 
icetate under anaérobic conditions.“ This latter observation may explain 
n part the extreme sensitivity of the nerve cell to oxygen. On the other 
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hand, anaérobic conditions and various respiratory inhibitors appear to 
inhibit the formation of phospholipid.!°' Any event which disturbs this 
delicate oxygen balance or inhibits any one of the several enzymes activat- 
ing the various reactions in the chain, could conceivably disrupt the 
metabolism of the cell and prevent the formation of acetylcholine. There 
is some evidence that disturbance between the enzyme and its menstruum 
can bring about profound changes in the cell. Chromatolysis has been 
attributed to an enzymatic imbalance resulting in the inability of the 
cell to replace nucleotide as rapidly as it is expended.* Nachmansohn 
and Machado® point out that if pyruvic acid is the precursor of the acetate 
(acetic acid) utilized in the acetylation of acetylcholine, then inhibition 
of the formation of pyruvic acid could prevent the production of acetyl- 
choline. That such might. be the case is suggested by the inhibition of 
acetylcholine by sodium iodoacetate which reacts specifically with the 
sulfhydryl groups contained in the proteins of many enzymes.” The 
activity of phosphatase is inhibited by the action of strong oxidants, 
perhaps by action on certain amino groups of the enzyme rather than the 
sulfhydryl group.*° On the other hand, adenosinetriphosphate is decom- 
posed rapidly by increased phosphatase activity in autolyzed tissue.*! 
Adenosinetriphosphate appears to play an equally significant réle in 
muscular contraction. As pointed out by Sandow,* it is now generally 
accepted that myosin and adenosinetriphosphate are the most funda- 
mental constituents of muscle tissue. Myosin is the contractile substance 
and adenosinetriphosphate is the source of chemical energy which activates 
myosin for mechanical activity. In this cycle, as in that of the nerve cell, 
the source of energy is the 2 labile phosphate bonds in adenosinetriphos- 
phate. The studies of Englehardt et al.**°*° furnish abundant proof 
that adenosinetriphosphate is the source of energy: (1) myosin acts as 
adenosinetriphosphatase, specifically catalyzing the hydrolysis of adeno- 
sinetriphosphate to adenosinediphosphate and free inorganic phosphate 
with the accompanying release of chemical energy, and (2) artificially 
spun fibers of myosin elongate during the hydrolysis of adenosinetri- 
phosphate. 

The neurotoxic effect of tri-ortho-cresyl phosphate might be brought 
about by similar enhancing or inhibiting action on one or more of the 
enzyme systems involved in the acetylcholine cycle. It is known that tri- 
ortho-cresyl phosphate exerts an inhibiting action on choline esterase, a 
property not exhibited by the meta- and para-isomers of this compound.**” 
It could be mentioned here that in the opinion of some? the viruses behave 
as biocatalysts, disturbing or changing the course of cellular physiology 
by catalytic action. Such a view is not as revolutionary as it would have 
been a few years ago since Stanley®* succeeded in crystallizing the virus 
of tobacco mosaic disease. Certainly the similarity of neuron lesions 
produced by several viruses and certain chemical substances at least 
suggests a similar mode of action in the nerve cell. As Winslow" recently 
stated, ‘The discovery by Stanley in 1935 that the virus of tobacco 
mosaic could be isolated in crystalline form shattered, once and for all, 
the older theoretical boundaries between chemical and biological ‘ germs’ 
of disease, and made us realize that the distinction between the ‘living’ 
and the ‘non-living’ world is only a matter of definition—and a definition 
very difficult to draw. Fracastorius would have accepted this demonstra- 
tion without surprise; and Liebig would have hailed it with delight.” 

By no means is it implied that the mechanism is identical in thess 
diseases of varied etiology. As has already been pointed out, the acety!- 
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choline cycle obviously presents many points of vulnerability at which it 
might be attacked by one or another of the groups of etiologic agents, 
the end-result of any of which could produce an identical or at least 
closely similar clinical or pathologic result. 

Diseases in Which the Chemical Nature of the Etiologic Agent Is Known. 
Tri-ortho-cresyl phosphate: ‘A patient entering a hospital with bilateral 
motor paralysis of arms and legs gradually grew worse with incontinence 
and deglutitory paralysis, and died of respiratory paralysis. The most 
striking factor revealed by histologic examination of autopsy material 
was the presence of marked degenerative changes in the anterior horn cells 
and in the peripheral nerve fibers, without inflammatory reaction. Chro- 
matolysis with swelling, eccentric nuclei and occasional shadow cells were 
also seen in hypoglossal nucleus and in the dorsal motor nucleus and 
nucleus ambiguous. Nowhere was there any cellular infiltration of 
endothelial cells, polymorphonuclear leukocytes or phagocytic glia cells; 
nor was there neuronophagia.’'®’ So reads the initial case report of a 
flaccid paralysis which occurred in such great numbers in many parts of 
the United States in 1930 that it came to be popularly known as “Jake 
Paralysis,” and which after extensive epidemiologic and experimental 
study was shown to be due to the ingestion of extract of Jamaica ginger 
which contained tri-ortho-cresyl phosphate. 

Withdrawal of the product of the single manufacturer of Jamaica ginger 
resulted in the prompt disappearance of the disease, except for occasional 
cases resulting from delayed use of the poisonous lots. The disease again 
appears under quite different epidemiologic circumstances in 1937 in 
‘‘The Strange Durban Epidemic,” already referred to.™ 

Lillie and Smith® showed that triphenylphosphate and tri-ortho-cresy] 
phosphite produced much degeneration of nerve cells, ranging from 
tigrolysis to karyolysis, fatty degeneration and vacuolization. With both 
compounds changes were most marked in the neurons in the anterior 
horns and Clark’s column in the cord, and in the bulbar nuclei. In the 
main, triphenylphosphate produces in the cat an acute degeneration of 
the anterior horn cells or when the action is prolonged a moderate to severe 
fatty degeneration of the myelin sheaths of the peripheral nerves. Indeed, 
triphenylphosphate poisoning in the cat may be described as a diffuse 
poliomyelosis, a term used to designate a degenerative process with or 
without necrosis of nerve cells in brain or cord, but without inflammatory 
reaction. With the variable degree of involvement of the peripheral nerves 
it might very well be likened on the basis of its symptomatology and 
pathology with the clinical condition of acute ascending Landry’s paralysis. 

In view of the foregoing discussion, it would seem that a knowledge of 
the manner in which tri-ortho-cresyl phosphate produces neuron damage 
might even yield information which would suggest specific approaches to 
the problem of the nature of the as yet chemically undefined agents pro- 
ducing similar—and equally characteristic histologic changes. 

Looking for a probable explanation of the mode of action of the neuro- 
oxic phenol esters, the rate of hydrolysis of the phosphates and phosphites 
‘f phenol, meta-, para- and ortho-cresyl were compared by Smith et al. 
[hese compounds have been prepared as mono-, di- and tri-esters, with 
he esterified bond in the meta-, para- and ortho- positions respectively. 
\ll of the compounds, with the exception of the tri-esters of phosphorous 
nd phosphoric acids are readily hydrolyzed into free phenol and inorganic 
shosphorus, while the tri-esters are stable, being hydrolyzed only by fairly 
igorous chemical treatment. These differences in stability are: reflected 
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in differences in toxicity for experimental animals. Smith and Stohlman™ 
found that toxicity is proportional to the amount of free phenol liberated 
upon hydrolysis. The mono-esters are all readily hydrolyzed, the transient 
symptoms of phenol poisoning in animals appearing coincidentally with 
the height of free phenol titer in the circulating blood. Similarly, all 
di-esters elicit phenol poisoning if given in sufficient doses; however 
they are excreted rapidly and the presence of free phenol in the blood 
cannot be demonstrated. As would be expected, in view of in vitro 
experiments, the tri-esters are hydrolyzed but little if at all in the body. 
On the other hand, the tri-esters of meta- and para-cresyl-phosphate (or 
phosphite) are devoid of toxicity, while the tri-ester of ortho-cresyl phos- 
phate (or phosphite) does not produce the usual symptom of phenol 
poisoning, but rather exhibits a specific neurotoxic action, producing a 
flaccid paralysis characterized by lower motor neuron damage in several 
experimental animals. 

In the same report, Smith and Stohlman™ pointed out that the mono- 
esters are hydrolyzed in the circulating blood by an enzyme carried by 
the erythrocyte, while the di-esters are hydrolyzed by enzymatic activity 
(probably phosphatase in both cases) in the kidney. The free phenol 
produced by hydrolysis of the mono- and di-esters is conjugated, detoxified 
and excreted in the urine and stool. On the other hand, the tri-esters 
are not hydrolyzed, neither are they excreted in any amount in the urine 
or stool, although the tri-esters could be detected in the circulating blood 
as soon as 10 minutes after injection. However, they disappeared com- 
pletely from the circulating blood in about an hour. 

Nearly the entire dose of the tri-esters could be accounted for by analysis 
of tissue collected at autopsy. About 80% of the dose could be recovered 
unchanged from the lungs, where it appears to diffuse slowly, and 2 to 3% 
could be recovered unchanged from the central nervous system. The 
distribution of the tri-ortho-ester in the body does not hold with an 
earlier theory of intraneural hydrolysis.* Furthermore, there appeared 
to be no essential difference in the distribution of the tri-meta-, para- and 
ortho-esters in the body. 

It appears then that the specific neurotoxicity of the tri-ortho-esters is 
closely related to the presence of an esterified bond in the ortho-position 
on the molecule. Since the tri-ortho-esters are, for the most part, un- 
changed in the tissues of the body, it seems that neurotoxicity may be a 
function of the ester itself. That biologic specificity should be deter- 
mined by configuration of the molecule is not unusual in itself; for instance, 
the distribution of sulfanilic acid in the body is largely extracellular; the 
addition of an amino group (sulfonilamide) or an ethanol group (sulfanilyl- 
ethanolamide) endows the molecule with a configuration permitting intra- 
cellular distribution. Furthermore, if the ethanol group is oxidized to an 
acid (sulfanilylglycine) the distribution in the body reverts to the original 
that of sulfanilic acid.*’ Such interdependencies have been observed in 
studies of the specific immune response to structurally altered antigens,” 
of bacterial metabolism'! and more recently in nutritional research." 

Para-amino-benzoic acid and sulfanilamide are antagonistic, yet struc- 
turally related, differing only in that in the former the carboxyl group 
replaces the sulfonamide in the latter.'" These observations led to the 
hypothesis that the bacteriostatic effect of sulfonilamide might be the 
result of its substitution for para-amino-benzoic acid at some vital step in 
cellular metabolism. The dependence of biologic activity on specific 
chemical structure is further illustrated by the observation that certais 
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structural changes in para-amino-benzoic acid yields a compound (para- 
amino-aceto-phenone) which inhibits bacterial growth in competition 
with para-aminobenzoic acid,® itself a growth-promoting substance. 

Woolley" cited several examples in which structural changes in various 
vitamins resulted in analogues which inhibited bacterial growth by pro- 
duction of a local “vitamin deficiency,” inhibition being preventable or 
reversible by the addition of sufficient amounts of the metabolite or 
vitamin concerned. Certain other compounds structurally related to the 
vitamins may produce the symptoms of a specific deficiency in vivo. For 
example, Woolley and White"*® produced typical thiamine deficiency in 
mice by the administration of pyrithiamine. The deficiency thus pro- 
duced could be controlled by thiamine in sufficient quantity. 

Thus it seems to be possible to produce pharmacologic manifestations 
similar to the symptoms of specific deficiencies ‘by the administration of 
analogues of the vitamin involved. As pointed out by Woolley," not all 
structural alterations produce an inhibitory derivative, as evidenced by 
the biologic inactivity of most of the compounds structurally related to 
many of the vitamins. On the other hand, 3 analogues of riboflavin, in 
each of which the structural change is basically different, all produce ribo- 
flavin deficiencies. Little is known of the mode of action of these sub- 
stances. Whether their activity depends on a blockade of specific receptor 
substances on or in the cell, thereby preventing the cell from acquiring 
essential vitamins, or on competition with specific metabolites at a par- 
ticular enzyme surface is as yet a matter of conjecture. The need for 
a specific structural “lock and key” correspondence between cell and 
metabolite analogues is suggested by the affinity of the analogues of para- 
amino-benzoic acid for the bacterial cell in preference to the cells of the 
host." As Woolley™ states, “The fact that several drugs which are 
active as therapeutic agents against infectious diseases come from this 
group (analogues of para-amino-benzoic acid) may be related to the rela- 
tive immunity of animal organisms to such compounds . . . Itis 
not inconceivable, however, that certain specific changes which are brought 
about by a given vitamin deficiency may be effective and desirable thera- 
peutically.”” This latter observation is of special interest in view of the 
increased resistance of animals maintained on vitamin B, deficient diets 
to virus infection.’ However, it is the exception rather than the rule 
that the presence of a particular radical in a particular position in the 
molecule endows a single isomer of a compound with specific neurotoxic 
ictivity, while the other isomers are entirely devoid of such toxicity. 


Three modes of action can be hypothesized (none of which is easily proven) 


is an explanation for this speéificity : \ 

1. Solubility: Differences in intracellular solubility might result in 
‘hemical, physical, or mechanical injury to the neuron. 

2. Configuration: A marked chemical affinity between tri-ortho-cresy] 
phosphate (or phosphite) and some substance characteristic of the neuron, 


resulting in a non-utilizable compound, or loss of a substance essential to 


he vital economy of the cell. ' 
3. Enzyme poison: Inhibition of an enzyme or enzyme system which 
essential to the metabolic or functional activity of the neuron. 
Solubility. As pointed out by Smith, Engel and Stohlman,” among 
he essential requirements for a neurotoxin are lipid solubility or a course 
{ distribution in the body which brings the substance into intimate 
mtact with the nervous tissues before being detoxified and eliminated. 
ailure of the body to hydrolyze the meta-, para- and ortho-tri-esters and 
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the recovery of all 3 isomers from the central nervous system seem to 
satisfy these requirements. However, the meta- and para-tri-esters are 
devoid of the neurotoxicity exhibited by the ortho-isomer. 

Configuration. The delayed action of the tri-ortho-cresyl-esters and 
its specific neurotoxicity has been attributed to the slow liberation of ortho- 
cresyl in the nervous tissues,*! but there is no direct evidence to sub- 
stantiate this hypothesis. Bauman? and Preusse* found that ortho-cresyl 
is in part oxidizable to toluhydroquinone. However, Smith, Engel and 
Stohlman® found that the pharmacologic action of toluhydroquinone did 
not differ from that of phenol in rabbits and chickens. 

The ease with which the ortho-cresyl-esters of an acetate, benzoate 
and phthalate are hydrolyzed into ortho-cresyl or phenol suggests that 
the ortho-position alone is not the reason for stability. The substitution 
of a methoxy group in the ortho-position (guaiacol phosphate) or a hydroxyl 
group (catechol phosphate) for the methyl group in the ortho-position 
alters the pharmacologic action of the ester, suggesting that the specific 
neurotoxic action of the tri-ortho-cresyl-ester is not a property of ortho- 
cresyl per se, but is due to the molecular phosphoric acid-ortho-cresy] 
aggregate,” acting in some manner to interfere with the normal economy 
of the nerve cells. If these compounds are hydrolyzed or oxidized in the 
nerve cell, molecular configuration may determine the toxicity of the 
resulting substance or determine the toxicity resulting from secondary 
changes. 

The experiments of Smith, Engel and Stohlman® with intraspinal and 
intraneural injections of a cresyl compound readily hydrolyzed (catachol 
phosphate) with the liberation of free phenol, and a phenol derivative 
(toluhydroquinone) indicates that if phenols or phenol derivatives are 
brought into intimate contact with nervous tissue without undergoing 
detoxification, varying degrees of paralysis will result. However, the 
failure of tri-ortho-cresyl-esters to produce paralysis when injected in the 
sciatic nerve suggests a more selective affinity and perhaps a different 
mode of distribution, since activity seems in no way related to phenol 
content as is the case with the other compounds. 

Enzyme Poison. As pointed out by Bensley:° ‘‘Cytoplasm thus has 
no ultimate structural unit but consists instead of several, perhaps many 
different types of units, all co6perating in an orderly fashion to produce 
that ensemble of properties which we call life.” Certain of these units, 
such as the nucleoproteins, lipids, etc., may be essential for the structural 
integrity of the cell. Others, of highly complex composition, mediate 
special biochemical processes characteristic of the cell in an extremely com- 
plex menstruum. In general, the components of most cells undergo an 
endless cycle of synthesis and resynthesis—for example, Schoenheimer® 
states, “Nucleic acids . . . are components of large molecules and 
[are] constantly formed from NH, which has been liberated from amino 
acids.” Enzymatic activity is intimately bound to these reactions. 
Gersh and Bodian® point out that ribonucleic acid in the nerve cell is in a 
constant state of flux, and that when the enzyme mechanisms involved 
are disturbed to the degree that replacement of nucleotide is less than rate 
of expenditure, chromatolysis occurs. 

The enzymes or biocatalysts of these reactions often are complex 
organic molecules possessing a specific structure. Specific function fre- 
quently depends on the presence of a single atom—such as the Mg** in 
chlorophyl or the Cu*+ in mushroom polyphenol oxidase. Frequently, 
the coénzyme is loosely bound to its carrier—many can be modified by 
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the simple detergents. Modification or inhibition of an enzyme may be 
the result of a multiplicity of different effects—reduction in the amount 
of surface exposed to the reactants, chemical affinity, oxidation or reduc- 
tion, changes in configuration, surface tension, electrical potential, vis- 
cosity, or simple pH, ete. Fisher® stated the case well when he said, 
‘Enzyme and substrate must be adjusted to each other like lock and key.” 
The direction of cellular physiology thus seems to depend upon the delicate 
balance between substrate and enzyme—anything that affects this balance 
might interrupt, inhibit or change the course of continuous cycle of bio- 
chemical change essential to the specific function of the cell. Berzelius™ 
anticipated this when he wrote, ‘‘Several single and compound bodies, 
soluble and insoluble, have the property of exercising on other bodies an 
action very different from chemical affinity. By means of this action they 
produce, in these bodies, decompositions of these elements and differ- 
ent combinations of the same elements to which they themselves are 
indifferent.” 

In the complex physiologic and biochemical cycles of the nerve cell, 
there are several enzymatic systems intimately interrelated—a disturbance 
in any one of which might disrupt the function of the cell as an organized 
unit 2 is known that tri-ortho-cresyl phosphate exhibits an inhibiting 
effect on choline esterase—a property which the meta- and para-isomers 
of this compound do not possess.“ An interruption of the acetylcholine 
cycle at this point or by the inhibition of one or more of the various other 
enzymes at other links in the chain might produce the changes charac- 
teristic of nerve cell damage. Indeed, myasthenia gravis may be charac- 
terized by a defective synthesis of acetylcholine.” 

Lathyrism. Among the earliest descriptions of paralytic disease is 
found Hippocrates’ observation that prolonged 1 ingestion of a certain kind 
of “pea” is liable to produce paralysis. ‘At Ainos, all, men and women, 
who ate continuously of peas, became impotent in the legs, and that 
state persisted.’“° The seeds of Lathyrus sativus have been used for 
centuries as food, especially in time of famine, by the people of Italy, 
France, Algeria and India, often resulting in widespread outbreaks of 
paralysis. It.is said that as early as 1671 the Duke of Wiirtenberg issued 

edict against their use in the manufacture of flour.** The medical 
writings of almost any era contain description of this paralysis. 

Following ingestion of steamed or partially cooked seeds, a deep-seated 
paralysis affecting the extremities develops in a few of those exposed. 
Prolonged feeding maintains the paralysis, resulting in subsequent develop- 
ment of the characteristic tabetic or ataxic gait.'°° If maintained by 
continuous feeding, paralysis may ascend, resulting in death from respira- 
tory failure. Histologic studies in man are unsatisfactory, but in the 
opinion of many observers,*®® the action of the toxic substance is exerted 
primarily on the motor end-plates and the motor neurons. Paralysis 
is temporary unless maintained by repeated exposure. Even after par- 
alysis has developed, recovery is prompt if the seed is removed from the 
diet. 


Lathyrism presents another example of a motor neuron disease in which 
the chemical nature of the etiologic agent is known. Dilling reported 
- at the toxic principle of Lathyrus sativus seeds consists of 2 alkaloids, a 
Group II and a Group IV alkaloid by the Stas-Otto process. The solu- 
bility of the toxic principle in boiling water perhaps explains the observa- 
tion that boiled peas are non-toxic.*® The Group II alkaloid acts on the 
voluntary peripheral nerve endings resulting in a loss of excitability, while 
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the action of the Group LV alkaloid is similar to that of veratrine, affecting 
the spinal cord primarily, reducing direct muscular excitability. Charac- 
teristic paresis can be produced in frogs and mice. 

The etiologic agent of Lathyrism appears to be capable of interfering 
with the physiologic function of the nerve cell in either one or both of 
two places—either at the motor end-plate or in the neuron itself. The 
exact manner in which these alkaloids disturb the metabolism of nervous 
tissue is as yet unknown, but it seems reasonable that paralysis is pro- 
duced by their action on one or more of the enzyme systems characteristic 
of the motor neuron. 

Vitamin E Deficiency. Vitamin E appears to enhance phosphoryla- 
tion.*’ Torda and Wolff! suggested that vitamin E acts on the sulfhy- 
dryl groups in choline acetylase, and suggested that this substance or 
alphatocopherol may be part of a coénzyme involved in the synthesis of 
acetylcholine from choline since this latter substance occurs as a constituent 
of phospholipid. Biochemically, vitamin E behaves as an anti-oxidant, pre- 
venting the auto-oxidation of fats. The réle of vitamin E in the synthesis 
of acetylcholine probably is related to the paralysis in suckling rats from 
vitamin E deficient mothers® and rats fed a vitamin E deficient diet.'7-* 

Unlike most of the paralyses considered here, vitamin E deficiency 
paralysis in rats is irreversible, perhaps due to the prolonged exposure to 
auto-oxidizing fatty acids.“* However, its prevention by wheat germ oil 
and vitamin E concentrates has been confirmed repeate dly es Inter- 
estingly enough Singer*® reported hypoplastic thyroids in vitamin E 
deficient rats, the thyroid becoming normal with administration of vita- 
min KE. Vitamin E deficiency paralysis in rats might be compared with 
periodic familial paralysis in that both result from specific deficiencies of 
known chemical substances, but unlike familial paralysis, which is revers- 
ible by the administration of potassium, vitamin E therapy does not 
alter the course of E deficiency paralysis. There are these 2 instances in 
which the absence of a chemically defined substance results in paralysis, 
while in another instance, the presence of a chemically defined substance 
(tri-ortho-cresyl phosphate) affects the same end-result. 

Diseases in Which the Chemical Nature of the Etiologic Agent Is 
Unknown. Tick Paralysis. Tick paralysis, first described in 1898", is a 
disease usually following the course of Landry’s ascending paralysis, and 
is associated with the bite of any one of a number of species of ticks. 
The more rapidly the tick feeds, the more rapid is the progression of 
paralysis. Usually, however, paralysis appears only after the tick has fed 
for some time, suggesting a phenomenon similar to the reactivation of 
the rickettsia of Rocky Mountain spotted fever by the spring feeding of 
Dermacentor.'® The ‘‘toxin’’ may be injected up to the 6th day of feeding 
and apparently can be exhausted from the tick since ticks taken from 
paralyzed patients may fail to produce paralysis in experimental animals.” 

Histologically, tick paralysis is characterized by motor neuron damage, 
with lesions in the anterior horn cells of the spinal column. The ‘‘venom”’ 
of one species, Ixodes holocyclos, appears to be specific for the vagus center 
and synapses.'* The female, not the male tick bite, produces paralysis, 
the ‘‘toxin” perhaps being carried in the ova.” Following parenteral 
introduction of triturated tick eggs, Rhipicephalus sanguineus, Hyalonima 
Scupense, Boophilus calcaratus, Rhipacephalus bursa and Dermacentor ander- 
soni, toxic symptoms develop in guinea pigs, rabbits and mice. 

The most striking characteristic of tick paralysis is the dramatic recov- 
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ery following removal of the tick. If the tick is removed before paralysis 
develops, symptoms may be mild and transient. The prompt reversal 
of the paralyzing process by removal of the tick suggests that the toxin 
might be an alkaloid.’ Although the nature of the etiologic agent is 
as yet unknown, tick paralysis is characterized by 2 phenomena common 
to other diseases of this group, neuron damage and reversibility. 

Diseases in Which the Chemical Nature of the Therapeutic Agent is 
Known. Periodic Familial Paralysis. The whole picture of periodic 
familial paralysis, its epidemiology, pathogenesis, clinical manifestation, 
therapy and prevention is vividly included in the report of a single case :** 

‘\ young infantry officer, wounded late in 1943, was active and ambula- 
tory and expected to be evacuated to North Africa the next day for further 
treatment; however, in the morning he was unable to lift either leg or 
move feet or toes. The left forearm was in a cast. The left biceps con- 
tracture was stronger than the right. All other deep tendon, periosteal 
and superficial reflexes were absent. He was amused at the interest shown 
in his case and indifferent toward the paralysis, remarking, ‘Several 
generations of my family have had this paralysis periodically and all I 
will need is some potassium chloride.” He took a tablespoonful of the 
erystals and within an hour the deep tendon reflexes returned, the super- 
ficial ones, in an hour and one-half; in two hours he was up and very 
active. Now he ts back in active service. 

‘This officer over a period of years had many similar attacks of paralysis, 
some lasting for twenty-nine hours. His case had been diagnosed vari- 
ously as ‘Hysteria,’ ‘Nothing wrong anywhere,’ ‘Physically O.K.; no 
treatment recommended.’ A non-military clinic, however, having made 
a ‘new diagnosis,’ the patient started taking potassium chloride. 

“In almost four years in the Army, he had been a corporal, sergeant, 
expert with pistol, M-1, 03, LMG, grenade, bayonet, and in mine and 
demolition work. He had been wounded once before and has since been 
wounded a third time, promoted, and awarded the Bronze Star and the 
Silver Star. He carried a four-pound sack of potassium chloride in his 
bedding roll and quarter-pound sacks in his combat clothes but, when 
wounds brought him to the hospital, his potassium had been left behind. 
He has observed that when on high carbohydrate diet, more potassium 
chloride is required, more when on B rations than when on C rations, 
and also more in summer. He carries two canteens of water to wash 
down the crystals of potasstum chloride, taken ordinarily every two to 
nine days. Sometimes he goes for a month without any, taking it only 
when he feels himself ‘stiffening up.’ 

‘The patient’s father died in an attack of family periodic paralysis at 
the age of 37. He, too, realized the hereditary nature of his ailment. 
\ chart compiled from data ‘in the letters’ shows that nine members in 
various generations in this family have been afflicted with this disease.” 

Myasthenia Gravis. As summarized by Viets,'® in a recent: review of 
myasthenia gravis the formulation of the chemical mediation theory of 
the transmission of nerve impulses across a synapse by the peripheral 
release of a specific agent, first suggested by Otto Loewi** in 1921 to explain 
the actions of the autonomic nerves on their effector organs and later 
expanded by Dale, Feldberg and Vogt*® to account for a similar reaction 
at the end-plates of motor nerves to voluntary muscles; the discovery in 
1934-1935 by Walker'®* of the therapeutic effects of physostigmine and 
prostigmine (neostigmine) in alleviating the symptoms of myasthenia 
gravis, and the stimulation given by Blalock,” whose removal of the 
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thymus in 1941 in cases of myasthenia gravis reopened the whole contro- 
versial subject of the relation of the thymus to this disease. 

The “vagus substance”’ first suggested by Loewi was thought to be 
acetylcholine by Feldberg and Krayer.*' This was indeed proved to be 
the case by Dale,'® and we know that acetylcholine is a necessary con- 
stituent at the synapse for the passage of the nervous impulse.”° 
tinued development showed that an enzyme also was present, choline 
esterase, whose specific function it was to split acetylcholine by hydrolysis 
and thus prevent the continued transmission of a nerve impulse to an 
individual muscle. Choline esterase, moreover, was found widely dis- 
seminated in the blood and body tissue. It is this enzyme that is tempo- 
rarily inactivated by physostigmine and its closely related drug, neo- 
stigmine. The subject of chemical mediation is still a field of intensive 
investigation. 

Three other drugs are commonly used in the treatment of myasthenia 
gravis: ephedrine sulfate, potassium chloride and guanidine hydro- 
chloride. Ephedrine sulfate, known for many years as a valuable form 
of treatment, is a useful adjunct to neostigmine. Its effectiveness is about 
10 or 15% of that of neostigmine. It is possible to maintain a few patients 
entirely on this drug if their symptoms are not very severe or if they are 
in a prolonged partial remission. Potassium chloride has a mild effect on 
the symptoms of myasthenia gravis in a small percentage of the patients. 
Guanidine hydrochloride has a considerable effect on the symptoms of 
myasthenia gravis.” 

Following the work of Blalock,” a number of patients have been sub- 
jected to thymectomy in recent years. Thymomas have been found in 
t patients. Hyperplasia of the thymus was found in 3, and the thymus 
appeared normal, although persistent, in 8 other cases. Of the total 
group of 15 having thymectomy, some are now in their 2nd and 3rd year 
following operation. Two are considered as in complete remission, 2 more 
are distinctly improved, 3 are moderately improved, | slightly improved, 
and 3 have been operated on too recently to be evaluated. 

Thus in myasthenia gravis response to maintained drug therapy as well 
as its thymus relationships, suggests an inherent fault in the metabolic 
requirements for the ‘‘acetylcholine cycle.” 

Common Denominator. When a number of diseases, all distinguishable 
either etiologically, clinically, pathologically, or epidemiologically, are 
considered from a convergential rather than a differential point of view 
they are found to possess one feature in common. The etiologic agents 
in these diseases are diverse in nature, clinical manifestations are equally 
diverse and pathologic changes in various organs—tissues are distinguish- 
able in patterns representative of the particular disease. But all are 
characterized by motor cell damage. The likelihood that the mechanisms 
involved in the production of this common lesion are related is suggested 
by other features which numbers of these diseases exhibit. Many of 
these already have been indicated. Without attempting to assemble all 
the similarities here, attention may be called to two characteristics which 
afford some idea of the character of the biochemical mechanism involved. 

Reversibility. That the reaction responsible for nerve cell dysfunction 
is reversible is strikingly shown in the prompt and startling recovery of 
tick paralysis upon removal of the tick; in familial periodic paralysis in 
its response both therapeutically and prophylactically to the administra- 
tion of potassium chloride; the effect of potassium chloride and prostig- 
mine in myasthenia gravis and as well in a more or less general tendency 
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of other types of paralysis—notably virus infection—to improvement or 
recovery. A more striking example is the tendency of bulbar polio- 
myelitis with complete paralysis of the deglutitory apparatus to prompt 
and complete recovery. It is the rule in poliomyelitis for regression from 
the degree of paralysis at its height to take place. 

That neuron damage may be the result of infinitesimal biochemical 
changes affecting the enzyme systems of the cell, and that normal function 
may be restored by readjustment of the enzyme menstruum is illustrated 
by the experiments of Nachmansohn and John.” These authors found 
that certain oxidized amino acids, a-keto acids, pyruvic, a-keto glutaric, 
phenyl and oxyphenyl pyruvic, inhibit the synthesis of acetylcholine by 
the enzyme choline acetylase. The addition of potassium and glutamic 
acid to an enzyme system inactivated in such a manner restored 50 to 
80% of the activity, while the further addition of evanide or the substitu- 
tion of cysteine for glutamic acid restored activity almost completely. 
Utter, Werkman and Lipmann'™ have recently shown that the phos- 
phoroclastic split of pyruvic acid into acetyl phosphate and formic acid, as 
initiated by enzymes derived from E. coli, is reversible. Lipmann*® further 
reported that the transfer of phosphoryl groups between acetyl phosphate 
and the adenylic system is an enzymatic reaction, and is reversible. 

The effect of potassium on the phosphorylation of the adenylic system 
appears to be specific. Boger, Lardy and Phillips found that although 
ammonium can replace potassium in vitro, substitution cannot be made 
in-vivo. On the other hand, the réle of sodium in the transfer of phosphorus 
to the adenylic system may be related to the paralysis seen in acute 
nephritis 

The effect of potassium on the metabolism of the cell is well illustrated 
in studies on the susceptibility of tobacco plants to infection with the virus 
of mosaic disease. Spencer® found that while phosphorus was but 
indirectly related to susceptibility as it influenced growth, potassium 
exerted « much more direct effect, exerting an effect on susceptibility 
which was more than that associated with rate of growth. Small doses 
of potassium increased plant growth and susceptibility, while larger doses 
stimulated growth to some extent, but markedly decreased susceptibility 
to the virus. 

If one can consider the bacterial cell as a model, as did Lipmann* in his 
analysis of the pyruvic acid oxidation system, interesting analogies 
insofar as biologic inactivation and reversibility are concerned, can be 
drawn. The phenomenon of specific biocatalytic inhibition (perhaps 
analogous to the effect of tri-ortho-cresyl phosphate on the motor neuron) 
is becoming the basis of the more modern chemotherapy. The primary 
requisite of a chemotherapeutic agent is an affinity to the bacterial cell in 
preference to those of the host. Over and above this selectivity, the 
acidic and basic property of the bacterial cell makes for additional spec- 
ificity, riz., the selective action of most of the sulfonamides and penicillin 
for the gram-positive microérganisms. These chemotherapeutic agents 
in general exert their effect on a specific metabolic system of the bacterial 
cell. The principal effect of the sulfonamides, for instance, has been 
reported to be on some synthetic anabolic process.’ On the other hand, 
while observations are far from complete, the effect of penicillin seems not 
to be an interruption of growth, but an inhibition of cell division.” In 
either case, the reaction is reversible. Even when treated with quantities 
far in excess of that amount necessary for complete inhibition, these 
chemotherapeutic agents fail to cause rapid death of the bacterial cell. 
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The effect of the sulfonamides can be reversed by the addition of para- 
amino-benzoic acid, that of penicillin by the addition of a substance, 
probably an enzyme, extracted from a variety of microérganisms, or in 
either case simply by removing the cell to an environment free of the 
inhibiting agent." 

Dubos,”* in a recent paper, refers to even more striking examples of 
reversibility: ‘One may consider, for example, the case of a suspension 
of staphylococci or of anthrax spores treated with mercury bichloride; 
after being exposed for a few hours to the antiseptic these cells fail to 
grow when transferred to a new.medium. If, however, the poisoned cul- 
ture is treated with hydrogen sulfide, the cells recover their viability even 
though they have been exposed for seventy-two hours to 1 per cent mer- 
cury bichloride’? . . . A similar phenomenon is observed with a 
certain basic protein extracted from wheat germ which acts as a powerful 
antiseptic for yeast and Lactobacillus casei. If after twenty-four hours’ 
exposure of these organisms to the toxic protein one adds to the system 
an adequate amount of a phosphatide, the cells recover their viability and 
grow; it appears that in this case the wheat protein forms a lipo-protein 
complex with the phospholipid and is thus dissociated from the inhibited 
microbial cell!" One may, on the other hand, effect the equilib- 
rium by adding to the system a substance which possesses great affinity 
for the anti-microbial agent .(e. g., SH-compounds for arsenicals and 
mercurials, phospholipids for the wheat protein) and thus help in disso- 
ciating the antiseptic-bacteria complex. . . . There is, however, a 
type of inhibition of anti-microbial agents which is still poorly understood 
and deserves some mention at the present time. It has been observed 
that several types of phospholipids and a few other surface active sub- 
stances when added to a suspension of living cells are capable of protecting 
them against the lethal effect of the subsequent addition of many toxic 
agents; it has already been seen that phospholipids can form inert com- 
plexes with certain toxic agents (wheat protein). It is likely that they 
can also exert a protective action by becoming adsorbed on the cell surface, 
perhaps at the very sites at which the toxic agents would otherwise become 
adsorbed.’’® 

It appears that the inactivation of a bacterial cell, with the consequent 
loss of one or more biologic activities (e. g., synthesis of a vital substance, 
respiration or reproduction) essential to normal cell function, can be 
brought about by the specific inhibition of a metabolic system, which 
frequently can be reversed by the biochemical adjustment of the cellular 
menstruum. It seems reasonable that the metabolism of a tissue cell can 
be interrupted and reversed in a similar manner. Indeed, Dubos* could 
have been considering the effect of tri-ortho-cresyl phosphate on the 
motor neuron when he wrote: “It is obvious that many factors influence 
the selectivity of an anti-microbial agent: the acidic and basic properties 
of the cell under consideration, the nature and property of its membrane, 
its permeability, the relative importance for metabolism and viability of 
the specific biochemical systems affected by the antiseptic, the activity 
of the autolytic enzymes, and so on, are all attributes which bear a definite 
relation to susceptibility.” 

Interference. McKinney® found that plants infected with tobacco 
mosaic virus were resistant to infection with a variant strain of the same 
virus. Plants often recover from infection to remain carriers of viable 
virus and are resistant to reinfection with the same or related viruses. 
Price®! who reviewed the literature on the acquired immunity of plants 
to viral diseases states, “Plants recover after an acute attack by produc- 
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tion of shoots or leaves which appear healthy or show only mild symptoms 
of disease, which still harbor virus and which are refractory to infection 
with the virus in question, but not to infection with unrelated viruses 

With respect to cross immunity, it has been shown with numer- 
ous groups of viruses that plant tissues invaded by one strain of a virus 
are protected from infection with another strain of the virus, but are 
susceptible to infection with unrelated viruses. The immunity appears 
to be closely associated with presence of virus in the immune tissues, since 
there is no evidence that virus free tissues of infected plants are immune. 
The cross immunity reaction has proved useful for differentiation and 
classification of plant viruses.”” Thus it is clear that the resistance 
exhibited is not a question of cross-immunity, but is related to the presence 
of the first virus. 

Interference between animal viruses was first reported by Magrassi,” 
who observed that rabbits treated with a non-encephalitogenic strain of 
herpes virus were resistant to subsequent injection of an encephalitogenic 
strain. Hoskins,“ the same year, reported similar interference between 
neurotropic and viscerotropic strains of vellow fever virus in monkeys. 
Findlay and MacCallum® demonstrated similar interference between the 
viruses of Rift Valley fever and yellow fever in monkeys. Similar inter- 
ference since has been demonstrated between the viruses of lymphocytic 
choriomeningitis and poliomyelitis," Virus III and Shope fibroma,‘ dif- 
ferent strains of poliomyelitis virus*® and neurotropic and pneumotropic 
strains of influenza A virus.6 These and similar studies have been re- 
viewed in a recent report by Mudd.* 

That interference is unrelated to the antigen-antibody phenomenon is 
reémphasized by recent studies by Ziegler and Horsfall''* on influenza 
virus in embryonated hen’s eggs. These authors reported that there was 
no evidence of antiviral substances in the embryos in which interference 
between influenza viruses had been demonstrated. Interference was pro- 
duced rapidly in the embryo, appearing as soon as 8 to 12 hours after 
inoculation. These authors concluded that the first virus inoculated 
interferes with the multiplication of the second, not by multiplication 
per se nor by the action of one virus on the other, but probably resistance 
to the second virus is the result of a tissue alteration induced by the first 
virus. The observation" that interference can be obtained with a large 
dose of virus in a shorter time than with smaller doses of the same virus 
suggests a quantitative relationship. That multiplication is not essential 
to the interference phenomenon is demonstrated by the studies of Ziegler, 
Lavin and Horsfall,"* and Henle*® who showed that interference with 
active influenza virus likewise could be obtained with virus inactivated 
by ultra-violet light. The failure of virus completely inactivated by 
heat to produce interference®®"*® suggests that a specific molecular con- 
figuration, which may be altered by heat, is essential to interference. 

Interference between various types of bacteriophages active against the 
same strain of microérganism has been demonstrated by Delbriick and 
Luria,” Luria and Delbriick,* and Luria, Delbriick and Anderson.®® As 
Mudd® stated, ‘“The lysis of bacteria by bacteriophage may be considered 
as a virus infection in which the susceptible bacterial cell is the host and 
the bacterial virus or bacteriophage particle is the parasite. . . . In 
some instances at least the first step of this critical relationship, the 
adsorption of virus to host cell may be shown to depend on a specific 
correspondence in chemical configuration between the virus and com- 
ponents of the host cell surface analogous to that between antibody and 
cell surface antigen. . . . The first step in the action of bacteriophage 
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particles on susceptible bacterial cells is specific adsorption of the phage 
particle to the surface of the bacterial cell. This adsorption must depend 
on a lock to key correspondence between the pattern of certain molecular 
configurations on the surface of the bacterial cell and the pattern of con- 
figurations on the surface of the phage particle. The adsorption of phage 
to a specific receptor site on the bacterial cell is analogous to the combina- 
tion of antibody with antigen at the surface of the bacterial cell. Each 
depends on a specific surface configurational correspondence. . . . In 
the work cited a beginning has been made in discovéring the all important 
events that are involved in the parasitization of a host cell by an intra- 
cellular parasite. In the case of bacteriophagy at least it seems clear 
that the initial event is a specific adsorption of the phage particle to 
bacterial host cell, this combination, like that between antigen and anti- 
body, being determined by specific configurational relationships. This 
adsorption of phage particle is followed by profound alterations in the 
metabolic events which occur within the parasitized cell. Some at least 
of the consequences have been detected: (1) The host cell may become 
altered in such a way as to make it refractory to super-infection with 


similar or competing virus particles . . . (2) Multiplication of the 
bacterial host cell may be arrested. . . . (3) Multiplication of the virus 
within the host cell may occur without lysis (lysogenic strains). . . . (4) 


Multiplication of the virus within the host cell followed by lysis may occur. 
To what extent may the relationship of bacteriophage particles to their 
bacterial host cells be regarded as affording a clue to the relationship 
of virus particles to susceptible cells of higher animals and plants? Obvi- 
ously this question can now be answered in only the most tentative way.”’ 

There is some evidence that the relation of the virus particle to the 
host cell may be analogous to that of the bacteriophage to the bacterial 
cell. ‘Lock and key” correspondence or specific molecular configuration 
is suggested by Hirst’s observation,” that chicken erythrocytes to which 
influenza virus has been adsorbed and then eluted are no longer agglutin- 
able by the same or different types of virus. More recently Hirst,” in a 
study of the adsorption of influenza virus on cells of the upper respiratory 
tract, states, “While the data are meager as yet, it is tempting to formulate 
a tentative hypothesis as to the possible mechanism of the early stages of 
influenza virus infection of the respiratory cell. It may not be sufficient 
merely for an inhaled virus particle to come in contact with any point on 
a susceptible cell, and it may be necessary for it to become attached to a 
specific receptor substance to gain entrance. Before the virus can infect, 
it may also have to alter or destroy this receptor substance by means of 
an enzyme in order to pave the way for penetration and parasitism of that 
cell. Once the receptor substance is destroyed the virus becomes more 
firmly bound, parasitizes the cell, multiplies and again appears free in the 
lung, making possible spread of infection by contiguity. Since the close 
correlation has been demonstrated between the neutralizing and agglutina- 
tion-inhibiting power of various human sera, it may be that neutralization 
consists mainly of covering over that portion of the virus which ordinarily 
attaches itself to the receptor substance.” 

In seeking an explanation for the interference between murine and 
monkey strains of poliomyelitis virus, Jungeblut and Sanders*®®® state, 
“A ‘blockade’ of susceptible cells by nonparalyzing murine virus might 
render these cells temporarily impregnable to an attack of paralyzing 
monkey virus because the orderly function of certain enzyme systems, 
necessary for successful propagation of monkey virus, has conceivably 
been disturbed by previous contact with murine virus.” 
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In this connection Kunkel® reported an instance in which interference 
between tobacco mosaic viruses was of curative value early in the infection. 
\s suggested by Ziegler and Horsfall,"'* the reciprocal or reversible quan- 
titative nature of interference between two viruses indicate that the 
viruses involved may be in competition for a substance which exists in 
the tissue in fixed amounts. Or perhaps the entry of the virus particle 
interrupts the physiology of the cell in such a manner as to inhibit the 
synthesis by the cell of a substance essential to the second virus. As 
pointed out by Mudd,*® ‘Increase in parasitic habit among bacteria is in 
general correlated with loss of metabolic independence, with dependence 
on growth accessory substances furnished by the host . . Although 
the phenomenon of acquired cellular resistance to superinfection would 
appear to be a consequence of the fundamental mechanisms of reproduc- 
tion within their host cells of many animal, plant and bacterial viruses, 
interference does not occur in all instances of viral infection. Thus 
numerous cases are on record of the infection of individual cells by more 
than one virus, evidenced by the demonstration, for instance, of specific 
intranuclear and cytoplasmic inclusion bodies within the same cell. The 
changes consequent on the parasitization of a cell, in some but not all 
instances, therefore render that cell refractory to a second intracellular 
parasite. Although this acquired cellular resistance is a phenomenon 
separate from humoral immunity, the two phenomena may supplement 
each other in the total defense against an intracellular parasitic disease.” 

For example, the supposed immunity to superinfection in syphilis may 
be an interference phenomenon since resistance to re-infection seems to 
depend upon the presence of Treponema pallida. Brown and Pearce" 
infected a number of rabbits, then ‘‘despirochetized” some of them by 
treatment with arsphenamine after development of the primary chancre. 
Five days later all rabbits were successfully re-infected with the same 
strain of Treponema pallida. The treated animals developed chancres, 
the untreated animals did not. 

At this time it might be permissible to hypothesize an explanation for 
the interference phenomenon in terms of the exact data available. It 
seems significant that susceptibility to virus infection in such widely 
divergent types of cell as tobacco leaves,' bacteria,*’ and primate nerve 
cells® appears to be dependent on an active cyanide-sensitive (cytochrome- 
oxidase) respiratory system. It could be theorized then, that virus infec- 
tion produces the same end-result as does cyanide “poisoning”’ with similar 
reduction or inhibition of cytochrome-oxidase activity. Such an infected 
cell then would be resistant to re-infection with the second virus. Similar 
metabolic requirements of related viruses and divergent requirements for 
unrelated strains could be the explanation for the failure of unrelated 
viruses to interfere. Such an hypothesis is in accord with the views of 
Ziegler and Horsfall"’ and Levaditi’s conception® of the “macromolecular 
nature’’ of viruses—when a molecule of ‘“‘nucleo-protein virus” modifies 
the metabolism of a cell, that cell is incapable of propagating ‘‘macro- 
molecular particles” of a different virus. 

To say that interference is a simple matter of preoccupation is doubtless 
in oversimplification of a far more complex biochemical phenomenon. 
There is an illustration of what is in a sense the reverse of interference in 

the * preparation of one site for a more rapid development of vaccinia by 
previous inoculation with vaccinia at another site. For example, von Pir- 
juet’® observed that daily successive vaccinations matured at the same 
time (between the 10th and 13th day), the incubation period for each 
accination being reduced by as many days as had elapsed from the time 
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of the first insertion. Vaccinations after the 14th day resulted in an 
immune reaction. 

That the mode of action of the various etiologic agents— virus, meta- 
bolic or chemical—of the diseases discussed here is at least similar if not 
identical, is suggested by the similarity of the resulting lesion. The 
results of Hirst’s studies*' on the failure of various strains of influenza 
virus to re-agglutinate eluted erythrocytes suggests a similar cell surface 
reactivity and tissue susceptibility to different strains of the same virus. 
As Ziegler, Lavin and Horsfall'!® state, ‘‘Moreover, in all known instances 
of interference both viruses share at least a common tissue tropism, 
although evidence may be lacking that they actually infect identical cells. 
Despite these facts, it seems unwise to assume that reciprocal interference 
necessarily indicates biologic relationship, since it may indicate merely that 
the viruses concerned‘are each capable of reacting with a single theoretical 
receptor substance possessed by cells of the susceptible tissue. . . 
Consequently, it appears reasonable to assume that reciprocal interference 
between the influenza viruses depends upon some portion of the virus 
particles capable of reacting with susceptible cells, possessed in common by 
influenza and swine influenza viruses.” 

Conclusion. Present knowledge by no means enables the formulation 
of the exact cause for the lesion which appears as a manifestation in a 
number of a group of diseases but it is believed that, if the biologic activity 
represented by this lesion can be reduced to a single principle, progress 
will be made. 
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